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' tttftoa ¥*p» a®Jo oa Yftfiooo tta^octte of ttoo et*«£oii 
Mc4o$f of taMfwft+i? folooots* lao* oorWa MyMogAflil 
peculiar! tie© ppe*Mi® ohonAoal hotfrngoMttpt titflii«ftoftn8 
ooaoidopftVLy the 3Po*»it@ of feo toioohcotool onolytttat ®«o 
UvrwrtMprtittui on &© aovsftolOBjr of oo4y maflulftlttm woro nloo 
tb« oody au«oBl*i»ro o; fj@ gomfc* % .iiiag^miua MXIS&frMM* 
in It* g m f t l a#otstt«©1Kam# way fount to oo tfidoaUf of *g4®otti« 
%p### *8io a/etaa®© war* dM.«11&« into «aadt(L c»a i^msdal 
portt«»s# «Mh of ^ g i a&s terVtor itfforo&l^iod into two wooto 
tauadlot» Uio tiys%»«@ and o^oootwi'ta Mfe fonai to oxtoad inward 
AM fti* as lh@ gftglttfll asl® of <$i® %od/» litsdr p&aoto of Into** 
eootloB mm at mAm® m £ o * %tif * inuAod *tm iho 'oglon* tooooow 
lap: otagpoar towards #i# till, omd of *i« filiate 'Jm la^ftfAfeaa 
of $s# «*10te#«l of t^^ otcisoo cmi ^ # lotto*** Of ®:>a;£m. and lifto*!*! 
portions ««r® poolttirol/ «totod to $io le^ot^ms of fia totol body 
loagfi of Hi* Hill* Hi® «tl©Ji»®@o of m$®^mm dodl&nsd ppogmatrtiy 
touorfis €1© trtl vosloaff uftllo #io proportion of ©amootlv® tissue 
Ctfoosasnta} oahit&tod a pg&atl^ o taorotto* 13i* ojaaotltfttlro 
axtalyido of ^i« n o^toa*© orovtfi luMosto^ Unit * # grotrift of 'tiooo 
o^otwoo la t:do spool00 %»n to dlrtet proportltiiR to that of €*# 
%ody» l i t i$£©**^  torn &8#»apoolflot boAnt; WMU ftirttvj ^ o early 
11 f© and datittnliift {pjadanlly tdtn adw®o© In afft* Sao sratftn, xato 
of t i t nntaTier ® e^*w@e *»* ftiatar f » tjmt of tne saor® pootsrlar 
oaoo* %a ratioe of ttio&r GLttmrnWaX ipo%rti a&to® ^aftoa %d**a 
ZmmMm^®®^ <» •»• »@teilSBtl*m of naa# «IIO 1^OJI1 oaaoMk 
.'juaoilattire w s d;^.iioGl.^ liotam^oaofi«io» %0 oceo«i%s@l£cm® of 
m § <t» 
99«Mat tetal a»t» &«*;•• total aarix>h1/<Smt#&# £l>*0<3««s» etiolntt&nl, 
w.i>. end r:viA t» «ic ;sieel©9 of ttt# tall §«e1&®g* ***** h&0M* t u a 
ta*w of ti$ H u l l femtsr mtaftt «&»ta&a*i a yeolproooX (ilatH-
tot!,cool cmmctarlatie t&ta t i t Hit* 
mm • o-t^^amtivtj »ta4? #1 tat taetaMtttUa of gMt 
toto^iailoal «en«tata<iBts in ta* &8»H» tftitt iai«a«* «A6 ti« ltv«r 
of tfto <mVfi^i* cimtftf »^:Buy i t ma £f»n# taftt ta« eoMN»tattl<*>ft 
oi pietaUi» MRtsP arid «i$ wstf© bt^ MMft fa ta« ifelto w«@&* m i 
lev*** In Hi® Hv«s% ft me <a«i% s*gi@ili§ tataft ©«iirtil%i*i*t# oeoawad 
la ftttogtstiaiita tMKiMta#t» £&wr mp^mm^ ta %• ta# flabtat «<xtfet 
©f &*% gi|%N i^i&i ck'ioi^ iMB .^a* 914 m i ifi* foii«m*i ^r ta« taA 
r^sol©, tittle ta@ vbita ai«@l« ^awtoisi poem** to ta«*t 3ubatftii««» 
i io aene«ata*1f on of yator to tao ^»m Hi&*m »Rt»tato«4 tan 
txmatm W£NMO1<K tAta taut ©f $t# t*% 
-ma&m^Lm of tao obongee @a»W!t«ig in Hi© ^r®sto»ta 
ttoohOJAeol co^osttla, ®£ ^m to^ «s®K3t«s Of ^» ffe|ff*^a» &l*lng 
gtewtat wmwA®& «mt gaototo •&* A t oaitaeto iaottooi to spooiaomo 
of gaooosst'ifo ^gas^ eUi-ssoa# ttom ©* * 5# #s# ta €i<ni# aoliliifttae» 
towards ,-;jrowi,^ ; l»% taeoue aaa «4® gwfciot tut *@#$ta*«i na 
tmmmm to Hobo* ®f 4* y«i»»ol*a0# BOUMP* a& a ft§gs&f of wmmmg 
tmm aetave ip?®%rift# oouvieo: *&** tao omanutgistai of «w*» «i& ttt^tty 
m t a U f t * * f<K*4*ti»lSa$gOf! $ ta l^M3 OOtaXYtA i A «tO ®§00®®&Ji& SJP0V& 
fHKl#i» ttliv oemtant w«f@4 la?em&y «fcta tao% of aat. \«fc 
deoltiio ta adioo of 1* m&~ilF^t ti@ two e^s^tu^ta ixicr«>o«d 
r^ rovth»oii»«Mo<3;-.ewieRl o/ca©e to ftili ^^»«i to be ianu^c*! by 
-•u-is y-retain c^ i^cetitwitlt i^:.! f& «ia i»oa,/ wac^n^imi of «iia a^aoi«a 
w«a?e fain" fo ^ ol©a«ay s^Aii^i ^ i t s • a i o l o , ^ ! eoi;-itlcsi*# 
m y m 
to nwult In & gampaaat** tatim$ to H@% wai.-fit ami *»• *mi'Jt 
©dn&H<m Motors flit® WM* twiwwtal&f an mwmm at *ia «ttli8se«» 
tlcn of m# **s?iQyi» a^tfiitastrail, emMtomta $£ Hi# taMfc 
yftaaipaillr tiia ^fotafta and flat* 3olaUUBlfcs»> at Hiaaa hi$i 
a»aw «al^ne#® lod t» oolosl^lo |##$ £ro& f»a «aa>« tta pfveaa* 
ta,*p» ©£ yateer aatetatfiaa ft rselprecat falamsnaHf «Ub %M of 
uat. km ®&n© wmfr®&***& • daauaa AMIAI a*awam«# in n*a 
a&teiaao ©f amy vaplaaldbiaairt £ m aaagOMaa aaaaeaa **# to i&ad 
davaMrtftoa* tin £a?<se&seya #£ «&#»f«$s»s praiata «f f*# ttaama 
vagal* tad in a a^ptl?f aitesgati aajflOtttotiia* 
(tvoxfe iM fea ^j^-aatKi'iv fii&igit of tti* vu^«t maiai^t 
*&&& anfeJaya* and flflntlaa, jfjajft *®$ aan»a#aa*liad % an tuaffamaa 
to Wf and an ap.&vmt timemm In I>A pm wait w«t#t #f aato in* 
dagte a»a wtta mwe&.mb ^M® danVti)* to 3U. &mcmt2%nm wm 
®m®mm%ib&$ tt) « « t axt@t*% i f #10 agMnaata a* tmm WA In itea 
aalls* 3na pcai^ l'^ lo faotava #pra«if&g t i s i ahangaa l» $*# *a*atat# 
adds* tmm baaa ataaaaaaa* %# ^sk and tM I« naiaaSaa aaaiad ue 
mam %m ttatr <pavti tntaa $&$ mi «jninaata» 
*» J** A W * and H« ^ f t f M t * fe* als&ar a o t M V at &-2id 
an<? alfeaHsa ^Q^m^mmm sa ina anifc. «&«&# ^sm * i * tfcitat Jtc l^iofi 
CT^tor atl&Iae&iaa af stKrajftaamaaatatfa* awt»&fi&ia%afi an£ gbaayna* 
liptda» l a %^k ©urtey^f aoi?0 a#«,-f4% #jf §f««»«a<ii#m»t« ii* Hut 
i© :er« actlvo la ^ # ^^i^: loai t ^ « » %« ijkii^tiasi #f tUisalin* 
•.:^ asj;> t^aso activity of i^i^t u,*ite 'auseslaa mul ti# ltv«v of th««« 
;.^ «2*gliilaa @»a i,-^ maUi@) »«»«€ to ix> 9«^^^^#@|,|&«i« m* tm^mo^ 
•feeda- -.i t^ iy 'ja i^i-j'i./arit-a sy^a-* il,a- 1.,
 A» -^^^? «w«l,^i 
t * t swsoaliuf •et&vlt^ lii^«#a «Aio«ayA« 1B «I® AIUS and ^bl%i 
•• 4 • 
mtAmk *4@ » ^ m%4mm®& ty ft €«$tait to tot £#Mf f& ooataatf 
wife a tm@«^^f ioottMM la &ystifio. malt l m & t iftaittutt ^# 
a»ftdi vim fa ft# lactic ?iclo GdNMilMrtlaB* AXUMMgi *iia gl^oe* 
Lytic M t M V ^ * • * * * * • V£*» of OftM&oc une te#««l8i&^ to 
ts@@fte@i wltto fee 3 a M * 3 » ^ « ^ M ' a 8 M (~m} aitantf wmgmm* 
11*41? Ht feo A ?fanna* t» fe« ##©og#s Ignfc or 4i« ftufc wiaol.$ 
l i i t&# pr©- mid f©@%* sssstsi^ states litttartaft te*wte » 'tfeottfr 
roo^atkaaAe of tot© -cl^ccoc^iBTlda is -ft* M «ns60t## 3b* M.m$ 
tessoveaf te «&# mt^s t^ QftyMge* i«g»ytetM» ^ # «t@t SWHSS t t 
oowr in feo l iver* Howmg* tfi* twaaport 01 * i««* siHoteetii 
i t e &006 *g&® *Mt#aalt&« §m fe« (tyniifltoft of * * « | * a'tfm^ Ui f t * 
l iv tv* *tto torol of *«w«a* Ssotstt* ta ia« Viood ijwf«®@«! 
«ta*4Uy vtto tho ilawitioa of waguiMr Mrtftirtty§ ^*# 1» aa l a m * * * 
- - * • *
iffifl®lftlflft &° JW&»$i-<* 1» Canute* fiefivit,, %to»9 tfttiMNftty 
•ta&l*r te f 109® is £» afWE «ne*vt ihat f i s t&^Qtil^tlo aaftattgr 
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CHECte>2002 
a^~cU 
3D»a A; t f7?3 ff|« f i ts HBWTX j»f& 
m®*l# ai*3altt©d for m® 
fb# AllgNfe ju^lin U;i4varsity 
3 i » HfdYAfA 
Attit »W« 
C 0 ! I T * 3 » 9 
k<mm*mm im 
ttir^ yy nwmmQ^m „ „ »» ,*
 ##*. 1 
paot'itra^ n?i *-f ;?!'A-:^i>^ , „ # . , „ „ # „ # # § 
CHASSIS 
. - •«* JWtJBteflMi _ 
I I I , '-arlGtlc^;; la fjesny ctunflMt, oOBatiLfeunta of 
mo t*nuk sac tara asfttlnas ®f til* ^@# 
<3A«laa mj»v ?i4na») ••«• *•*• 32 
?# VSIMIJOU i a ttio ptKudoata OIUKMI cwuatAlttaBlto 
W# !f£A HB6 ^fot«ltt qMrib*al« ctats*fj tba »]i*rih of 
Cptii©«©tmli*s i?uuctstaa <&ottu #»•. 68 
"JStdflri • * • * « • * • • • * * 1% 
t o ©taaSraMcm
 # # » # #*## #### f§ 
fitiis#% JStaEUtfL&iJtt w4nuO and ^%ffffepaifffea§ 
..Oflt^lfftlJMMftJ «»»»
 # », # *»*. 90 
1» \'ii*tp odd iuftiu&tiaa ©s m# aXASsllsi^  pbecgtiateMNM 
of Hid tteatst Utfta raaulaa aud l i w a£ ..l^gi^a 
H# "Start ot aveeulav aet&iAt; csu the outoeitf&ftte 
JMtHfeQ&tga lis. i^ pe^ ftMi fflftapff (Mm*) ««• 101 
Ml* ---ao o&ou &© la Hio Ofsftofteat® aofeMLifli in 
m ma&m mtSMw* • •
 % •*• *•• IP 
fi^itffijgf C Jisn.) cmd ittatlup Ji|@gi| Cllaa*) 
taiag e*©*f*& is pre-aatunr^ 0 ^ 3 . . . 11? 
aai«a«>*ri «.• ••• •.• i& 
ta&iwx, swam 
foy Ma vnluadlo nfrrlQ® @a$ ijsitess® 1to*m i^$Mt Hi# oowras of 
1 «& a&®® ^muiiaal tc , rca'easoy u#fl* U ^ , Haid* Tlap»*tB«»t 
la #i© pvojpwa of ^sia vta^y ana $©sr pietfdin* »a«©asM7 m*tftfi 
Cyao&al itafe® m« ill® to flr« -*•'. I4f*» horary Boaoamii 
: 1 i t i « i ftbardaifln* &•»«§ tor hi a hiAjpJttl oaft*a»t» en oartRi& porUa 
ef *bia uojfe, «a6 t» fe« CMnftam of $*«i 41*)&oJio« Roaoai'flh iioJbOKftto 
foy tfool* holp* 
triru-icial &s$lfi%»©«* rate«a oy H*® '^Ottiioil of o i^i t t i lc 
Qm StAJL IHfHCXDCJI-IJ 
1f*@ criu^y praoantad hmm l a iho Mol©^ of @w« £r«*h» 
w&tar £l#i#o v i t i v&l&mnc® to anaR&oal oonpoaltloiu ^si© 
»®P©et m» mHmt®& In T l w ©> tho profoimti lafiitanoa ttiioh 
1toe vavloiia i i f e rrooaaaaa txart oa the cienlatry 0* flak. 
.nflh loraatl ptlo&a temrfat&y teeoaia of utaoat stifaifiaanoa 
f*oa tho omtUtoolat of f#od §©£«©« and i t 1® t & a zai tr i t iceal 
approach of afeity %toloh igivaa guooial statu a to fids ehanlatryt 
la ©ontraat 1s© Moe".antoa& ©atartsticaa on »s® other oaimlat 
havta: no oaartag on w m ^attrition* 
41thoa#t fee ni^il Hesse® of vaiiAtia3 ^@ Molsgloal 
$ii9i«»m<m of tlato to i to oa&iioal eoatyoaltlan tea boon »§e©^» 
aisad by fiahaw btoioglata* Hia aubiaot or fOi®i3ioal molo^* 
of flinoo tea oat rocjive^l H*a i^ aporta&ea I t dasawaa for* 
;?forto h:we*t Hiarofora* baa® mdo in Hi® praoeit atady to bvtAg 
unity tarfewaen ttuwe two $taolpliii#a of totsHiyolag^. lofbra -_ 
oo&ig 
aot «a attanpt ten o«nm *»!« to aaooaa 1ho 6*0r** of Ispaot tha 
santonieal hatarogat'OlV ©f flob 3a®otii©t»r*a i a treugvt to basr 
m% n&a eoBeantratione of mrieii© otiaolo&l ematitBamt© of Hia 
mi solas* Jtartboraorat tfea*» lenraatiifkticaa provided m apportaai 
of havla E a battor tjLlapaa of tfia amtoaQf of fiafe fmiuetil&tttra ia 
rslatlaD to <$i# dtatrtfeutdon of i t a obanlaal ea*aillB«ita mi." the 
roaulta warrmitaS a&ilnat taking Hia ti&<sp®©ifl#a p*wtu ©f f l l l a t i 
* $ * 
for ©ft osteal nmlyoict cinco a mara faulty aaapliu,^ tac'.vii sue 
oml* havo tha potential of oaeily Jaopasadiatag amy infoiaatioji 
vhieh Jt&iht hava @ai«g®& ffcoa tha cm-anioal smalyaeo of fldo 
ttasttaab 
I t as*«s ratiior unfwtmsata that daaptta -tie r«py 
amtonieal 2oca tion arid oaaat*u«y« a© qpaatltattva stadlaa on 
tha as&al '^aeulnturss of fi»,i tiswi IN^H mm mm yat* to 
o^toiioive stud,/ had* ti<3To£or3t l»a*» uaUartofcan 04 too fmatoaloal 
aapaeta of to* quantitative myology of a tTe&w.t$c talooat» 
'•;y^M^,a m&£.mta« aoesu m » ««tsa«?toaiiy d«aaad a»i«a. 
llfco fitfi* i t %m@ ttiougit noe«»«yy to asmlyfwf Hio pattam of 
avranasaant of lyotoao® and ayoaaptftt il&oti I f t*ae@& la detail, 
i© vaporta*1 to ^ m«*^* Q0t*pl«K <0«a#il5r and Hag, f964), A 
study of m@ ga&asal ofgmniaatlaA o: tha '4yotooaa foraad too 
tsasdU of ^arivteg aoaii tsanmXltotlcus a© to tha ©l&aidfle&ttQii 
of tha nyotoaoo tato ajMhltaotaial typo§ Uudr *asl <*al *Hffar*r** 
tiatlon and if@la*4<»tfi4p with tha aidai alcalaton of tftia f!4i« 
In addition to avols'-ttag -tie loanrittale r&atlonofclpo botnaa* 
ifaQ t^ 5ioto#@o of a/Qt«w*$© and oody lan<fta of tha fish « o m # i 
tfa§raaat©a aqpationo ®»d 4ti/aaottitio indlea*** attanpt was aa^a 
to ostabXid'i tii 3 rotation anl.i»a oatuaan tha langtha of aaoh of 
tho apaa&al ©a"! hypoxlal porttono of the isiyotosaa® tdtfe Hi© body 
lon&lh of 1ha flah* 
Inaoftur as tno growth of tha angola fl^ara i s aeooapanied 
ay obnagoa ia tha ixieXolo sold oontout» aalnly tha H*4# par uait 
• 5 * 
wei#t of mo «l««t« O.owt» f§70>* **• «3£ff«***ttt& la m# 
jrowt. t i t« i of Hi® qyotoouMi of dlffaraot bo<5^  iooattsas mm 
Wimt titomt wak®& m&m&m® to m« mtoos of JWA to m« 
gbron u*t#t of m« TUi5Cla gs i^i t flfos varlod anatomies! 
*ogloj»o ®£ the onaotilalttm* H'sln »®e#oaimt#4 m# fJMtiLytt* 
of m@ pattern of n#©w1Si of m# a/ottviaij of 46iff«roat $ogMm«* 
la th© present @m$y« m* tmr^i mxd tuontaMSUrst ajrotatoo *eara 
fw& o^to* for mi a gua?po<3«» Hio mttmei®. ooto* to «m% Hi* 
jptswm ei»meto:.iietles of Hit o&toilor sad p©@ti#l©* agisteWNi 
nim i t s feotvliv? o& m« vttA cwRso«sts»tloa« I t auould be 
on jftftotooa* tmmor atcoa^Lyt mat mo s«I«otl«n of moot s*«rtl-> 
WllIT i y o t 0 9 0 9 had dto 012)0? 3f©i@ m 00*99* 
1h« t i » w « of voriouo taooUa&ool oonfttimottt* 4&rto4 
m® ?^®%rfs p*n®6 of ft ah KB© aj,@® tovootlgfttoa* *!b« dopooltAott 
©f sosa ofeo'Aotft eo&otltuottto M M ps»toti*# £»*» *to*» loft ©vo* 
«© oxtm ^O-ffinast ferao t£*# VOT^ tnoio of jroiim* In mo O*JB4» 
g&lmt&mx of &ovm mo iraiKiatla&s ori.stet# ttm m@ t»toi«©,t£®a 
of intrinsic (pnjoicao«leol) m& ©attrtosto (ecolo^oal': £acfcoro» 
toftssauot* a;) I t 1* mo mitty butwoen m# gg*e@iiia eaU i to ^;vlroa» 
cunt m»t n&smtos mo pvooooo of ^powm. ttmottatt mo opo&io** 
tlou of Mi® elaftsloal eGooo&t of 0vowm§ agtog ohongo in wot 
tt9l$kt fbttaloboa a volfttivoly otajAe aomod of as@«8*i«t# 4% 
'too i t s 11-atmtlai* booauoo i t pffoaludoo «mj etMKi*fos to m# 
piroidmto body ooopooltlon (i<lisd m£ BowloUt ¥474) • 'iany 
vofitovo hevo used fee IwsflLs of prototji* £»tt »# sin© m© mrnng? 
«» 4 ** 
oa»tent# to express Cleft jprowlht **t Hie cr i ter ion of protaia 
iepoaitloa hae boos, preferred mm t h a t of carboni^rato and Hit 
because theee two onataleal oon*tlttie&te are omei&ered to bo 
e$33, y fereporary ©toy®® of energy* mde*a*i&£ rapid obemaeo* a s 
©eiapired to protein l&Velo which tire re la t ively ofcablo, 
foXloida.j the eetni&lahrcont of the rel*tlon«tiip ©otween the 
nitrogen content earn protein tnlne and t h i o loet^t ics i of a 
protein feoter C6»S9>t the Sjaorosiso l a His level of total nitre-* 
gem » § r*#*rd«€ to ©e t^aenyaotta with a direct l»oroaae l a 
the protein content* l a the *»reeont liiroatlentlonu the data 
pertaining to the ^rlaalpal body eonetitttenta (protela* l»t» 
isater find aah) «ere owstee*! to farmer deeueent the chengee in 
#i© &©dy e«sap©stti«i with growth t l a <jftlflifi|Ufta J&&S&S :aoolw 
f© Had Hie iiiter*©^ ©old© Mff®reBu@Of I t eny» l a 1&«* growth* 
wt*-bioa-io::iiocl cycle©* auoHor eloeely related ©podest 
if tear the elucidation of the role of nuolele aoida la 
proteia ayntheele I t was eoneldercd tSee&xfilal^  to find I f the 
quantitative ost i jatea of nucleic a d d s e®ol<i oo t3©e<I for the 
aeaeoeeent of ffTO¥«i l a fiance* A ^ a s e e a t the &o®mt l i te r** 
tore indicate* timt a t teapte tern b&m onde toward* the prodio-
tloa of .^ pon^s rat© ?nd ia««roaoBt of Moms® predaetlcm of 
oarln* vhy^oplenkton and soeplfa&teti 'twoiigs the at tdeto acid 
detemliiation* f ju te l l f fe t 19d9i 'fclnmUmeen j& *£•» I960). 
Bolow C t9?o) has indicated the une&lneee of ouelele acid deter* 
sanations l a thu detect! t*n of *r@©ont* {growth ratoa of flab* 
• I • 
th« tdoe'toatOBX •tsdlea'on iho &m *»« gwnrth of flah 
fwa fe&ologloal o-tenSp^tiitt iwrt ftwlbor m%m€n& to tb« l*ngtfi» 
w«l#i itibrtleu«M.p an^ ooa&tloB feoto*» *%« Moah«?io»l ao4 
phjr4lologl«a 0**0300 ©oowrliM ferln; atarwiticsj of ttai war© 
•It* lavwtl mtodf au tbo Aeptiwtloii of foo*2 oon isflttnaoo ttio 
^eevii aad ••oadltlou* o.' tk* fltfw .ftaoo tho pjpooaat © o^ar*** 
tloae v«t« teao<a on, lho •%'«&« p<saptioa« HM tl l lott vatoa. 
oonatltntoe tfeo ^ i a bulk of m@ ood^ of a fifth* too 0£j®ag«® t& 
Hi® <LLl«t woii#*t «®r©f m«r«f0&ft Vft#t*6ft6 mn th« ssoot w&«wat 
s»& lafonKtlve ysjwwfeor* <a»at ©«A,al€@»tl€J» y»© $*^» to 
th« ' a i l i t eou<tttl«4 Atoto*99 a t«esa i»»is©a#a o^ ivtiki»« (t96T)» 
to ma oont«st @£ 1&o «tody on otwuiji©® In oody wat#t§ pfixioijml 
eh«al«BX oouftt&tu«intat oaftrgy ©ontout n&d nitroaftB teij»©% 
fh* vemtttixi'? port of tho thftats »si>03Pta ifeo MioehoBtftsi 
Mid phygloloffjlea]. ©owfWfcttmio o® 1h« $o*fe sad tihitt mieXoa of 
flofe* *. wrvoj o: 13.t4K&taito wrcroaiit that tttl» gu^Joet *J£8 
nrottaod quite a lot of ©t*xt©@&t^  a&d ooutlaaoo to Attmot to* 
&tt«itloa of may r©o«t itflrftotl/yitosro* *•£**• m$ «^«ta«Btal 
wosfc ws*© osxrlod oat ®oa© «ui^ woife®?® v«ll«rftd that H*@ 
aafk«toi ©J tf*« onoolo wan aor®!^ 6B « to t&ood (tl«ftdhao« 1926)« 
•"isle a««itag>tlon %mu r©|#ot#d on tta$ ground that «roo %fe«n th« 
blood maoalar o/fttou mg **»i^ o4 out HKJ Aufc jnaolft s t i l l 
xsjtaalti^ <kuck« ubfto-nount rjutiosra directed th«d,r attention 
towards tft« Wocia4oftl sad .^otoloalaaX etudiftft* km of H*« 
pf&obeoor woxStOT-s Hi %ilo fltaid m»e satoonm aaA riaehiaoto (1^S4)t 
J^ t^t afc ,^ f^r 
&*«uk?uja 3$ ^ < **57) t jaito j $ aJL, C 1959)# Buttons C 1963} » 
^y» <!$ i&- < t965) t <-jftts aad Kxrl < 1*3*5) • .£all$ran and ^tfitsoti 
(19#>)t Aokuon and C©3«i«f <1§67)§ IA» 4 & 4 U (1974)* 3aavta 
(1915)* i«?g® nna^r of tfi«i@al eonatltutftta war® arolpwd 
and i t m i fawk.3 Ufcat *t*# diffamtfi** %*«*« Ta*y fo&alfeta* and 
ymiid Q*M:M @«*©f i f tha a&sa-' tfcaava m@ mm® Iter ra^LindC 
(Lava* f)7C)« «a»t far t is* ©criylimttd ma iaa&a «,© 1hat 
QOrii eoosttteosata Xtk© o.«olosterol, .^co: i * . | HiBttt&ttat n&aetna» 
protabu and watter* HOT® baaa Xlatad a© balu& V / i i sova <ma»» 
tmtad and ia#s ®mmmtmt®& mem@$£%§ to dltfavant uogekava 
(Lev** 197^)• the ait^aot fe«i@*ss© s t i l l no** eaatrovaaraftal aftar 
tha ptbllaatiaaa of Smafcfcan < 1*?§6# n?59) aad of >&fi j $ aJ>*C1956) 
on tha syaal/aas of vitamin* of Uka B*$#@ns», ^&#a# aoViota 
aetlaud mat m<i eo»e«it»ti«is ot H%®m Yitt&dna to iba d&^ s; 
auoelo w«ra aouaidaval&y dlffa. ant £r*» m«i» oonc<»itrnticu« in 
m@ whit* wand® t» t at tha aafta tloa m®mM*& m*Ajp ocmoaitsa* 
ttcoa la Hi* H I N T *£ tha «a»a I I 4u ifcam m*ta m«ar da*wad 
that Hi® ftu>otl«tt of tlia to* smaala eeuld ba alalia* t© mat of 
ma livar* oapport to ttiia ' l lvar ooooax«t* «aa axtandad by t i t 
nattra&yalolQg&oal abaarfatlcKic of Saxata (1961) and Aa©tro^i^» 
aiologlani ata&aa % aiaftttaur* f*367). ^irHunr iinraatl jitlona 
% wtttattbar^ar «a4 «/*oa <196l)f Yasorttms a a^gativ® ©#*#*la^t«i 
batvaan ma d#gr«a of davalqpctmt of duxtg: waala and ma aiea at 
ma llvar§ Davauxad tta *Xlv@y eanoayt*« Toraatltavtlanai eoatm-
diattng f ie *llTar ocnoapt1 ©si<2 tw^elia#j atodXaxiHaa ^#t««aa 
ma ^ftit: aioola onO «ss haart hota all© b#« *^ rt#w@c! fey i<«wa 
(t?T0). 
m T m 
la *«*a l l # t of ©oaHKrtog Mpovto sunHttiot *l*o*o* a 
balanced mmsmmt of 1bo «&1A»o Atoatlcn @&«i®f3 savior 
^lf .Icult, cdr.oo t»«r» t*$p@ o<mts&4&ottm» ir* ftiidlnge of like 
Mporiaooto carried out Ijy «io pTotoaess&irfcii of Hie tfhttl #i®o*l*o 
C&OTO* 1910). 
la ®a atttn^t to ftai *fe@ afSLnitloo of too $o*te »a©Xo 
wife -fee t*iito# on tho OB® hwia ond idlfc ttio l i f # i « tho ©tiioff* 
tsnroatAffttlocia wero oawtoi out cm fc'in o«so#a"te&^eiij| of @®a« 
ohenloiftl oonvtlluooto In Use 1h*oo tioonoa of ( ^ f t | '^ a nr <UUm) 
a QOTCMXI tro4ivKtar oat*fltibu 
In ftdcltiou to tb* ttotrifeutlau of s£A and t»A In H*« 
fork «nd walto isagol^st <io psttum ©? *$A«i;r ^ssovw In «ie 
tuo tj$m of ousel oo atsffis 5 tbo j*rooo*o of growth SB «*@ *^o» 
noinxlV #m@o mas aluo ©Xwstaotoi. 4«o now Infow&tiisaasi tft&ao 
0T3OT !Od ffcOta t h * « * »1ttdi00 ftflflTO INN** ^lnKSlOOOf E t l«tt£tfl« 
?or ouisynotlo atniioa iho &et«5 unci oUalino pftoaphaiteooot 
and 5*«i«iolootldEL»o tratro ooi>ootod» *^%# ttxvootfcjptlogts m feo 
&9trt bitten o-* tuooo atisyaos wor@ © a r t ^ oat only on tt*# teafc 
«nd unite sa*ol#ia» 
*?o Mm®v -mm It#it oo th« fu&ottcuftl #ol© of tho 4uk 
au^alo la MXacioa t© aoohoaiool oot&vltyt two wpoeio* of fi#*# 
aoaoly* iSUEllfi mm **** hMtm^WMM attMftft1tt»» * o fonw* 
having cosiajimoia »ak mn©l# and Hie lotto? having ht#Xy 
• 8 * 
#oitt©#3 te& 3U9Clot vovo ooiootod and H%* netobelle nativity' 
I n ^iati* « i iBl«i aud lh< Xiwm lavootldMNriL *l*o ttsoa&ia wove 
eonporod and thto offooi of * * • r@&i©tt€r& of $a«fe ouooXo to 
•wMmmlm mmnM® «a@ « o a to luaiomto tbo «&o to* 
'ttoolo oemia i&ay to tho •sooimiloai ootlvlts of ttio flab* 
:!otaaollatt of cmsWi/iimtot f©we£ tho b*«ta of t&aoo iovooti* 
9i&m §&m£m t&# * » * • o: pmm*% tmmM,mi&G&* wow 
wp*o*6 bj otis*-n<ata UWB H*# mmtomtmm of Jaipur** (2*t» ff° 
3** 5©" S# i#mn« 73° 4' 36* .0 and t^v^ortod to the lafcomteay, 
U»&#«« etet*S othsrui^ tfia ^tota^a w§»® ral«R»©<! into •qpukit* 
(95 s 55 x 45 ca) provide i&Ht yat«r wf si parti salar taE*pa»*ttx«. 
Tho uatar tfipply ins f@ fc&Jn&tai &# to fiiaicitBln a da^tnito wmm» 
at the tia« ©£ liiv«s1rl^'<Am-» -.;c$>m±mmz wtm tekm eott 
&&Uw§ fey «««*$& Mttcm usii ti$*gaf£i#i In mriUMft ways f i t tt©*phol*» 
gl«& stutooat iftiU* for tfco tofcNii«iit«<sX mm&$mm ^ * «#*&*!& 
1&MP«» www iaacKUftttjly i^ cnr©** £*#©<* gfems Palatal &mm%* wad 
is* asms eaoeo aac«at«d in «n ei^otrlc g*i&i«r k**o*B fc^iRg $s«#«at«i 
90a loat^ jOwOfticjUi tiwsBs tfj «•: BOIT .sssa&s &f fi>igc^ipp^ 
war© :i;iniiea JEm m% p@tni or asvarsuos ®f thcs h<se.a to the tai l , 
• y •» 
w i takm to »wi& « y injar^" to m# 
%#*»%«*£**•$ %ot<8a*8 <«« carats fim th# 
s<*leot«a for mmmmm&& or I M * 
ost oa tbs skin 414* o~ 18*# *m«tt •*»»• $t# 
Hi# ftix«t* m 
of tho !i*fc4 
#S» ftW fWMfttl 
,t© WHIP'S ©MRfltltfl 
% m obasp knit* t»ji#afi#i in 
<H _ _ . 
ft* m($.m o£ m a u m glvtbt @ijn$«i% to Us® 
la the «#»i»*g$Qt£<isi§« Haw arftt mAmm m&.mrmmts of 
wao ruoa«irea all i&«**g Itio oi^f ©f «i« oat soct4tmt rrc*i tfc« 
istgttm ©£ <«*# dorani ®ap$ais to the l&t(3«a wf»s§» mo iiyywetal 
portlosi VJ03 fi*ft*&*t}£ to ^i# utollAi* « f
 t all fUtug th© edge #f 
1h« mt motetm* fmm Hi© latesal mm*m to H*# lln«a ait». 
m %% m 
Mid itift&*9o& m » %« imm wzmm&iqy ®t %• wWMl, tmmm 
of the a»ocloa Of 1b# 4»»g*A t in my* 
OF mm, 
i-^iloadialua 3uiLeiyi-&ta and t^arla^ issuer of t&« %®% l«a#1&* 
13»20 oa and 20-34.5 as raapoetlval^ wors eoIl*ct«« o»d rca«ft«»d 
tot© aqa&xta wilch «««•« r^tlatalnod a t ft tanp«i»tei*» of 25 ^ 2°C 
and a <SiaaoXv«d oxy&m otmcmtrntlm of $ $ 2 fpt, •&• i!#ioo 
wow 6l3,o%t«§ to Teat HOT 31 HOUT^ before smplliis* 
Ajoolo e^pXoe of ii« ^Ht3ftSgUI von tesl-ei fp» Ht® «£«xltil 
pevtlcms of tho tmsfe fratf «Ul s*§^«i@ of t ie fillet* 
^ Js» J K t t ^ **tai»Xo of Oiito wiiolo %A@ sseiesd fjoa 
opax£*& portlcai of t*uj*» adjaootit to &»ratsi fla, .&il« MH 
tau-ola %0ts obtained fwm tho m#o& of iat«*ta l la« &i m« gmo 
region of tstuik. Liv^y w&o reoovad aaS ole&rod of the mtihm&m 
fluid* 
^^r ^L BtfjL P^ P^  
wm SWIMS w «g sEocK&ac& cw*p<*a:«<* o» a m w » 3 1 1 
K&A«E<» to oaowttu *28<&c&xc4& c®fHfM» isro aMitAnci CF if a 
<t> in i.Utft4a to ifig«afm» 
\>r bloc isaie&l studies cai $row**t ***o ftfooioo of 
nurrola. no&oijt CijJiiocfejualUfl atriatua oad lahittgfthalttfl iaittflta1yt 
"^ ~ ^ OTPMnMPPVMP*PPVHMP*)MpSBMIPfl)M^ PPPPPJPPWPPPP^PPPWP)PJr w^^^^^^^vw»^"""^^»^^^™^^w™w^^«» " • " w " " ™ m^^^ 
of various adaea warg sol*ctad and f*s$& into aqparia mm&m 
at e taapa3?aiaro of t3»f6°C and a cUmiolvod 0*99*1 lovol of 
5-6,5 gga. £g* flateratuatiQn was carried out l>y eoon-tlag 1to« 
nusocr of awwtt oa th«ir aaaloa ootnliiod ISMWI ttte trtia* r«^tcn 
batwo«i Hi® ,Oac« of m® ottgla of dors*a fta* abort tho iattffal 
OtptSlS* 
Staiplt of must® C«M^) 1*10 p*§oi*»®& froa tfao opaxiol 
portion of H*# trunk r«^.aa o<!Ja@oBt to #19 «©*•*! fin. 
<® 11 I B V H I B I „to ,l%f^ilflkttAll,,,i»^.m«>l 
*it j»eio of this trl»% tM&ests.fta' to 20*10 om bo<^ l«t$l&* IS19 
3p-joif3«as «w§ intro<Suoed in euiuariai (%mgtwmimt®9 It JJ 1°Cj 
dittalrta' ®my@m9 6«S*7«S s>pi)# 
After ataourtzig it© l^v-M in tot ftataet fish, the f i l let 
troQ aeich spacing ma r*3OT«3 I*©* Hit point of ©svemna© of 
mo homo" to «*« mu&a pa^iolo £Ui..i fr<*id free tn® skin mid 
bcssioB. I t MIS la**41ately ¥#!#«& on aft aloe tr ied bftlauoa 
saasiti^o «f to 0.001 * fh« *«Ulat tonal tUa factor' Ce) «m@ 
<*a.aulat*fi aj *i« milwdMg tmmUm aa proposal by wilkUia 
H 
C • « KW.Hi.l.H.W!,.. in. V • t i m f l 
#MW»t * «*• «i« w*l,?*t of tile* f i l l e t Cg)t ond (L) me ti*« 
x'or cubical aatauwntorus, rmiaolo «anplo v&n t&k<si froa 
^5) lajnifM,fi. M, jiMMrtMft1 
fe* p*©aA»1» body mp«fftttMtt idtro jeo bnlaaoo and m&w@f 
for th*<t* lnrt«ttfMiflll» tatapopnaiat^a foaall^a of * • 
alias 1?»0 to 34*T «s t*m «ti%1»£fiai In th» armaria* me Mrttr 
t«»pcrater© *ni dtaaoXv«4 e s ^ n @«®«B$sati®a u*oft*a M a 13.5 -
16.5°C &ad $»€*$ ppa, reap at aval / , 
tt®«iit## ooliar tegt m®«& in the present study coaaiatad 
of a Jfaotaagtaar flutt #f Ivory papar (9 x 6 ai) cover®*! <*r«v 
*y «*t«vprcoff tr*at«>a**rt <;<al£~B<fie«ive tap©. Hi® pjjit® was 
piareed bj a fllsu3«atoua 4 f t ^xich fonaaa a loop a*eni*& th« 
tmak m^m adjaogat to the doraa! fl.n, m# use of tegs t»* 
®#a»* to r*cord the doatlne la the wel^t Airing sjaooeaotva 
periods of «Mf*tLim 
Af*#r diking maaX^wam m ftrwfet im«mma& £!{&#•# 
a»fca*sp«at onaij««0 vara nr.&o on qpaoftaoia takasi out affear y>» 
SO* 30, 40 and 30 day* of serration, 
At tti$ %!** of t»ra«tldM&QB§ ^icheo t#@*a raoovea from 
aquartot v«d peclt ngMNSao and ktXl®& ty sharp t&ow en tho h«a&* 
BUrtfedaa- taw €*# rf#ao*al of fUlafat a«agttjp«sa«»t of <mslr laa#l*» 
and *ra&#i% tog<s«iasr vdth ttie oftXoulEitiou of f i l le t conditloa 
fesotor y*re Hie «nia aa daecralbeti m&taw* JaoSi f l l lot was 
aio pod, aft sad fa an alaatfigftlly feUae* oacaratar and proeaaaad 
ft* mate® a anaaja* 
Althou^i attaipt was «d« t® tint ftatiaa of a sftaUa* 
size audw«t.#i% 5ti<j vGristtOttia ciia ocour and yarmntad a 
;t»-Uim:mtlcca. adjaattwt* Z42ca*&oa» **• 10543 in tha %*at#t and 
psiaeti^al tfiaaftoaX <m#fetUa«i&t8 wo aa<Sa to corroa^ond to tftat 
Of ft H«|l Ot SO g M t W lMflj#l«* 
ICR JHCcn^CAL AM* ^'!X&0i,€0XC4X. fmr.* 13 Of 3B3 1AI1, AH^ Wtir? 
'**SO,3SJ C? .-t J133» 
xYo«-;Iv kilX#a apao&aatta of two opaoloo of tolooato vara 
tarcngit to laboratory aad ibai* body 3L®agtti8 mmmm& to the 
Jiaatfaaf wt« "igaoiams vara cl^ocdfiod in to two also grs»pa* 
i>r«jp X ooi«f&st^ d at Juvotilloof Circup II eonpiiaaSt fiafrae tfiat 
ba«s ^o«i to twlco ino ^.i,; langtb of juveniles 'out &^<& vara 
• fjf m 
\xiain of th« udLWil t«&3»3» < 
:l«^iod for ths *»a§4.i»« of 
sua® a* t&rm®$ <3«aoris>e&. 
« 3 l t a t t f l t A en th« 
cou^icil for tlie 
SnHs end vhtt« <3uaclea wao 
foaaillQ ©£ body lm$m. tT~&1 CE 
«&«$*«& and rcleaaod lata a iuarta# au. pli«d with watar *t 
a t f £ 1 ppa\» 
Whit* gpaflsl® m.® trtcafi «s* fto* Hi# upaxietl portlcn 
&#fae«it te dor^il fta# wtill«i dfisfc na^olo wan obtainta1 frog &o 
latatal l i-io, 
IMP atadaa* on aatao aa£4 inhibltlou of alkaline ]>hogph*-
tasa actlvlty# ttvm m& 4 8 9 wjolyaod, in addition to 
toita Muoclas, 
"wo assist an 0f t*laaata» 
'30*23 m) vmm a m i t!*r tfe* yvaaamt 
(body 
(body langfe * 
XL**** ware allowed ta *aat in Hcia aq^iaria for 48 h a m 
aafava j^fiplijif^ Sb* Haw af wata* « § so adjuetad a® to 
aalntalii a &aao&v*6 oxyftfn ©cmufgitmHaft of cwta ?p«» flit 
o topipurataro of vntwr V*W&MA at 19 ^ 2 '-• 
tt# @€i$r apsci^is war* towrt naa «fe*©#i t«i awiQ for varies** 
4toft»tl4ft» t S# *># 15» 10 iir.ut-38^ s t & teaoum a^cod (90 oa/aao). 
'BiroM/£out tha oouroe of 1»««® SjnwrtlaMKMt Kb* £&ah«« %*#« 
axarcisad at n fix©6 ttas (mrlj in H\Q a m l n g ) as Qu^gostad 
Hy B«Mltfi 11968) to a&ntals* t&*# pOMAal* ox','get of 6gMMl 
variation a m tha emum^mtltmm of **• vsirl'^o si#<te&9&l%is» 
" ftor oxtjreloy* «i« flabta wore h i l l ad by doo^plt^tlfm 
for Hm «uqai&£ of amfe* vhite rjiioeles and li?car w*r« the «ts» 
ooul4 HQ% &# ««gi&j4«*3 a« i t # yaroportloa %»s bl$&y re<3ue«d» 
fornix : a v<a»y :^rrcw 1A*(M1 atrip, ilood w&o obtained froa 
1h« tl-orsal aorta in Hi® fe^su of ofajcial p3 t^ei»cle« 
for fid :.i«t<traiaatlciiA ©f writer aoatttt in tiatfJes ft imowi 
•aauat ©£ ttmh «upl« ( M |5 mm tak#i to a p#*-%*£#ta<! oULien 
em«t&« and pitied iii ®» <A«ot8lc or«i amatol at 100®C# itm 
mbmt %&*m hmx® <A«'#4*C»» 1960) t i l Hi« «t@gn« bamme 
eoopl«My firm Uroa « t « « The «su«lldt« m% th«t r#jw«« tr«* 
1h« ovatu a»€ anew** to cool in m aasaioator gmd rovol ftod. Hi* 
m if m 
oaiUPe pfoeaaa was t«p*»toa ixjvoml Msnt® imtll a canatont 
w@l Jit yaa ototototd* *Saa l e s t of ualgit grot an Indax of wator 
t m OilcJi 1ha p*rc oaita jo of w t « wna eaXea&ataS en wot vfljfit 
km 
A iBMlA « * t # t Of fiNMb «R3$»l0 C 3*5 g) *&• pfrMMd to S 
M L 
salloa c*uolala# drlod in an oloctarto ovea at fOO C# and l^altoa 
at & t®dsp@jfatair© of about 300-600°-» t i l l Hi* oaxapla oaaaa* 
eca^lotisly vfilt^ a»& fj?®* ffeea oarbor;. ifea ©famtiaa una eonti* 
:iuod t i l l a ooiiotrait wG&.jit waa efetaftntA* "Sh* aocwnt of ask W&G 
aqprtMmft ma g i f o m t a p on wet tf*l£i* to si 3. 
torn mf 
Total fat in tlsaaaa mm <as:tmctod by the wO)Al«t 
^r.trtiatlcn a**!*** uatug p*tpal«na ®ife*r (;.,., 4CW>0°C) ae ta* 
s-.)Iv^t* 3tg Uii# ©f #&£$ s o l v i t in thj roatto* aaalyala uae 
f©BHi to a* relativoly lulciieor MIS effective. 
ftp**a t i s s u e vara drl*d a t 100° C in an aloe trie <wm9 
ni*#i mid .^ rcwjii feovflugiXy* A wel#i#a qpaatlty of Hi* dviaa 
60.'ipl* mm tofttw tn Wmliaan A t artnatlca IfttatiL* an€ ylug#*d 
with cotton wm%* Hi<# axl3T,ct5.m v»:* oavtloa oat with patrolawa 
ath-art for about KM? -oura in gcuhl«t ai>pai*tua* totil latlcsi 
of Hi* solvaat froo tha fat extmctc » a a*m# by keoptr, * tho 
voMlvta.; f i&* on Hi* «^t«r taattu "ino flask vm* «**n pl«o#<3 
la aa w#a $«r ooa^lat* r * w a l of tha «o9br*ttt t«ie#» ^taallj* 
Hi© aasfcs %iae Ht«a cooiod t» a 6***leator nnd watiftoa* Pear 
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mmxiMg ft 0«pA«t« @srfc»otl«» of fttt £Sf*» 1ho tlwaoe «v:iplos# 
1bt p*ea#stt w s fftpomtnA tmtU ao ftwttiopr increase la 1ho 
woljtt ©C * • mQ&M&g aaek ooourrsd. 'lio laearoaso in the 
of 
mflflhVflftdk gavo the f&satttf of fet axtaractad fim tho imo«o 
n o l # t of tls«3@ «ap&#» Ho «Mtmt of Sit ufta eaXeiilatsiti on 
wot wsi^it few ads M&A os^roMtS &a ptfefnt&at* 
Hi® dotfea&afttton of paott&ti in marious ttsmoa mis aado 
by n g&t#t nodi fleet tion. ©f wo&g*s < 19^3) riioro^iij«l<*ahl method. 
4 icaota. ojuuitlty ot xr##; t&t##»o CO*f g) was dictate* in 5*0 sal 
of ttltrQ&mrtVQQ ft 1 ouMkuie acid, ZQtem&m par sulphate 
( aaturatod aolutlou} «pia us#€ aa mi osi i iaiag a««it, T»i<j «t ^e«-
tlan -^ iicJi oomrorto a i l *to uttrogaioiaft imtariala pr#o»t in 
mo tiatno into OJMNUIUO «&fH« icts ©srslod out t i l l €*«* solu-
tion lit fee a ® * tioo&iao watt* claar, l i e olaMtoi oolutiori 
i»8 dllutod to lX) !l wltri diifttlloa wnt«r« A knoui aliquot* of 
tnio aolutton m@ ntmi c&roctly nasal^sriso^ by adding Boote mid 
B«**#aiet :.a«al^ P*-:3 vom#»t C saa telle j $ $&.» 1934)* Aft®* about 
10 safest®* of otanOin*; at ffoo® ta^^a«u»« tbe ©0I0* lutonatt^ 
MIS wm& m m jBUoob a»d toao 'jpootroaie 3D .ipoetvoohotoootoY at 
4© sp i«v*&ong¥t« aft#r adjonftftag tb* tnstJWfikaxt to eero 
do»«lty •.itti l i s blaiik, iHo I f t t m l t y of ttio color dowel op ©a 
was proportional to the t twwt of cn»mt«ia ^l-.-iato ccavtaiuod 
ia <ft« solution. *9io ro*dlx»$i o^tata#4 fcr the various m:ipl«a 
w«art road off a j itaot a stmtera oaXiusution curvo (fi^» i) 
v&ob wis pyopsr#d 0/ talcing vaadiaga of ® uaslesy of different 
dilution® ooa*iala,s kmm emmmt of £$&*mm&» M i stUwNI 
#wo & tttoot Mftdtag of Ht$ « m a t of total ititrogaa pruiiOBt 
in «»« ©aapl®* 15*1 o qnaatlty of total nltrcgm was <wltLpll«d 
oy **o s**otota tetor <&*25) to act m# ptotdUi *®toi** *!h# 
valMQu vi-flra aMOrto* fte p®*o«tBkg@# OA not *tof#t fceuda* 
la certain oacpsrtiaoats* pfotota waa also e t^ln&too: 
following Hit saflooo&wpo of &oi«? JH A» C WS1)« A alffily p»&» 
li#4t prccaoodd oovlae vastim lateuto mm®& a a to* i taaMt 
parotdLn for ai^iag @«p«*iii*s©* flen*® «Mp&t C 100 «f) too 
hc-iosai!aei? l.i n o 'il of ;U a t i l l e d total* aid e4*Mft*606» fh# 
protoia na# yMlpltfttoA by n&teg two VOIWHNI of to*** t*iotilo*o» 
acetic adi! (?CA)« ^ o aipQEtintont m& ttoonated aa€ th« poUot 
m® vadb.06 tuloo wllSi 95"" #Hsii&©i# %t Mdlaactt wos trsatti 
«itb 1*0 s i of 1H «s@tE**ss ttftooa&Ao stat Hi« eontoat horttd for 
15-20 ainufes la. a Ijotltsu? t»t**»fetfbt *e ttgwt tbo tl@«io 
*©gtaa«* Aftar i t s d&go9tt«n ttio Iwooa t»«fo oooloa to foe® 
t«3p«eii%&*9 aa& Hit volurao of H&# oontoat raided to 10 wll tA* 
dlotUlod water mid «!«#&» Jto ftliq&ot of o«1 «& *»i§ triefn faros 
t'da alxtov« mid m»<§o to a voXuno of ..'.0 s& uilh distilled 
%»t*r* Cm* ol i l i l l tar of ©srl&«at©»@opp «r sselutton wis th«ri 
addod* alxod an* H*# *ctttiftt« olionoi to oteM for IT alnutae 
lit roocs toapomfttffo* Oil a «»a follows; by «*• *66&tloa of 
0*1 id. of felts **&#mt aa6 aHilug* A VUtsfc **ao alao pwofOdPoi 
ijy taking 0*1 «9L of * tstxtata aontalalaB 1 porl of $B mMzm 
h$tismd.&m «o4 9 part® of 4l«tlU«A »to»» f&l® ailqpiot of 0*1 al 
MIS t^ itri taraatad ir. m« mmim a#30Jl^ai for t'ia oxp^rl^ i^URl, 
Hg» $• S-tenaard curve of PHOTBtK, 
^IP jJS«# * * 
Afto* m ixmlmHm of 10 iHwta® mt worn *N»«I»1KV* m# ©t&©* 
was *m& m ap*©tmst© 20 .?«*teOtfiM)ta«rtiv at 900 op «nr« 
X«i«ttu A «$»a»iNt ©awo %*»* p*tp«Md ytAftttii; 1&« ©pti»S> 
itasltf 1© 8&«»$g»ms ©f pmttla C A * <0 «**& p*e«#a«#4 *•••*»• 
3#nnt altii'itii AS the otfuidard* 
torn cMaottrsutss 
•*• pero^itago of to-tetl earbohyirate v*t* oalcwl*t«d toy 
«alrtw*m»g Hit m of *»• $*mmUm *®3Mm ©f n&t*** Stt, 
proton «»e *4L f * « 10©# a® «agswt*a T*ar £**** j£ &* * 19§4>» 
Valueo «39» rooor-etf mi w«t nitwit t»sds. 
flW antr^r vnlua to two* of etilovlta *fts caloaiated 
by Bsteg ttui factors 4*1 for pvottto mai iivo SK»« He* o&rtoobyd 
f«tt«t \rdla 9*3 to* ftrtt »t ^ro-ouad fey Jntrl j$ j^« (1964). 
m,tcmm 
®l$*$®gm wao «2ttraot<sd fro > Hit tl^cwea accoi^ln^ to * 
p*o@®&**« $oilawt4 % Aatom ami r##d C1971) • «mi&et of 0,5 , 
ot tiotwa was qpicfc&j rataoved $rat too fUfe miC honoimlzri 1 
$•0 <:d of 1.5 potaaalua tv&mdte, %# hoMgmto Mi* coat* 
&S®d at IfOOO »•?•** ftr 15 afi»t#»» m« su^sssaatast ua« 
dtaoavM man m# p«U«t win «ap«ia@€ ia i*#0 ad. of f#5<-
petaoalun hydraA**, a»4 p3,noo4 In a feaillng vjfit3fwfce*i fo* 
"0 fstmit®®* '^•i^r^ftar, tha aM$&*». wart? owtrnd im worn tm 
mimm m4 5»0 s& of abaelute ">*Vwna\ m® »«d«a *> **wipi<& 
fig, 5. Standard oarro Of GLYCOG3I. 

** lit • 
tor 15 o imt ia at 3,000 » * ? A %^ ssayaamtant was fUgoatM 
ma y«oiaaa wia iMauapeaid«<3 Is* ^.0 m ©f f. -;^<!io«hloirlo aoid. 
ftm eeatmt® warn haft tad for 3D alia**** to a fco&llsg w&t*i*t»th. 
Tha Glutton u»$ ttaR nit«r©<1 sa$ the #j*®©afa was <3«t<*miii0<5 
la Hi* f U t m t t *ar Hi® aotheft *t 'Sontomay (W57)» & kmm 
volu^o of aliquot was mtso£ to 2,0 -a tdLfe 41tft£ll«6 fcftter* 
cmd 5*0 aOL of eoaeontffttoo' guljatrlo acid was AM«d with e en stent 
^m&iiigo. 15m %ib« thon r«»fiv#i 0.1 ai of 8©# (y/f) ph«M& 
mid ttiQ oontoitft W6fr • latseoi tiujrou^ay, 4 'dkfxik «a@ also ftm 
by taking dl«tUl«t xmt&? tusta&i of f#$e#i§«fi. os tnnt find traftte 
in a alalia* «v« 'if*** oAlotdag m« %it*oit to s t e i at rexaa 
toapomtnro $nv 30 a&wtost Hui ooici* l;;tatia(lt,/ ia@ raafi <at 
490 up wnvo Xmgti*t on a Betiooh and Leafe '.roctrarilc SO yoetapo-
^ictoriotar, after I t «&s a4Jtt*tt& to sore &m&L*s with <i*o Hide 
The valtiod waro ©osapweod viHi a eelitafttton mm® ,>rayaro4 I f 
.ralatia.; -ttto o^tioal donoAty to d i f teout cancantratl^a ®f 
©te;:^ard pTO©®#®«i 3.,?©©§«ft ( f t g » 3 ) # Hi® eOneOAt*Btt<Kl« Of 
jl/co.:{«i were asprasaocl an *iVtOO $ yot %s«t#% a&aie. 
f X?$¥XC ACT 5 
Of m# wrloao s^mods umA Dtr tb« drtfmtaatlon ©f 
f^xs^io a d d , tit® a©st oonaitiYe I s Hi© otto w'aicii l a txtood upon 
1ho rosMJtloii of tttlo acid villi idlvo^oAjfl^iydfMl&O; (J&todowtiji 
and .'lougs&t 1945) • la t M s aothed ttm l ^ t e t m t s ffcttiod fey Ha* 
Fnaottoa witti 2f4*dlidtroph«tt3l hyOMStiio; Mm ftrtr^otsd fef 
banseaa, r^-ortenaoted bj 1 f9©tHna e&xtaifite and d#t#rwin©d 
ybotesotvioolly after tho dw#lopi*it of oolor hy 1**4 @@dl»a 
hydmido* 
Hg» 4* Standard curva of POT VIC ACID, 
PYRUVIC ACID,-U9 
•^ wvfl • 
A 3#0 ztt of »'3">i« of 10'-" pgottfjawtMt f&tvata was 
trmiaferrod to a ©l€S»# dry taat toba* A jNiajsat blank aetata* 
log "5.0 ml of TCA ya» alao pm* i l l fea tafea* war* lnoubat*d 
for 10 fftn**t®a in ft «at«*»Mb aaJUitaljaod at 25cc. After 
iricu ^tl..u, 1,0 U of 2*4-*tUiitroiii*i^lL feydnsliit roagasit wag 
m&&®& to mt%t tuba. Hi® iaoulaatl** i*e coatimo<l at 25°C tmt 
tucactli 5*0 aUatt*** aft«r irfileia 3*0 u of bt*iaesie m& added* 
Hi® ooatflrit© war© cdga* tbotctt&ly a»$ omtrlfu^d at %0CO j-pa 
to ftaUitata *i* tapaiiitlK oi $mmm» By KM h«lp of oopam-
t£»j? ditmoa tba tu* layaris vat® atpamted taA ta® ioy s^r abacus 
la jar «iftK a&soavtel* Hi# ttppa* feanajna laja* m® tteaa ti»m#* 
f*«®$ to © dry ta*t»t»%a e«id 6#0 A of * # gotta* oartooaata 
o$Xtttlcei vea a ^ ed &m ^ dry pi pot cuid taa ooatavt* nara a^ain 
nfx««l th rou.'ftlv ©»«! c*itrlfu^Qd to oo^Xota Us* a^arotion of 
tfea two Xayar3» Sin laywra wwa ap4n aap»»ita4 tt»we#* tha 
aapsxmtl&a ftanoait th<i upp«r gf©llN«it (btsi^ cme) Iftytr was 
i&aearaact arid 5,o g& of tha Iowa* earbosaat* leyaar was tttKeu in 
a taat»*>fc* ,ioXd in a wit«r M b at 25°C. fltaalljrt 5«0 al of 
1.5ii' cpodiua liyda&s&aa ooiutlon \MS m®&m& to aaafi tuba ami a&xaa* 
Aftor an in«ti»tt«» ©f ^10 atonta* tna color fataaaltj ma 
ra&4 «i ^aatroaie L€i ^aom^^toaata* at 435 iaa *m&»lm®Hb* 
attar aattft&£ tba laatNMit to fOC ' t»»sftlsig&« with $t« 
l&aniu ifi# vcduau wary rm& @£t a,-iinst a standard ourv» pra» 
parad ^ ratette: Hia optical dotal ty to vorlatta ooaoantvfttiono 
of s t a n d i ayanrlo aald frfl* 4)» i*/Btnrla aeta atnaoatiMloft 
mm ealouiatad m wet wel^it te^la* aa ^ 1 0 0 g» tm tleaaa amd 
a© ag/100 'ii for uicly biooU. 
4* JS3 * 
JuA€?fC ACt» 
tactic &044 in mrt«n@ t i a r a s and bXood « i d<&t«r*Lti«<i 
•ooGroin* to $h.o sofeoi of JasStoE' ant jm«fii£i& <f341)« f^t# 
prooet^re *otuitt«6 &t &« following 8t%>!r. 
A 10; pmt®&ai»£mw f i l t » t o of tfui tiapl* « i pMpft*«A 
bj troatnait *&«* 10 * fCA» 
A 8M*at9»d velu*o (0,25 ad) of tho p*»tjijii»£pt« f i l tmt* 
WG« treated «t1h 1*0 "31 of 20?S » # « iplffeto solution Mod 1te# 
voiuae was nad* to 1 "'a wiH* <&*tUl«4 w*iter. A;>pro3drmtaly 
1 g of yowaerv>d OfilcluM b/diogid* t#i@ &*lfi#&# ^*o toot-tuuo 
*app«6 «&* staHsot* vi0O»at»41.?» ?h« alxma?© wftn allowed to stead 
at roou te?3p«pt»iaara .tor at lo&@t 30 ainitM* wit^ t o®mAmm& 
tfiakl&gt imd thou Matrlfkagtd fttr to atato® at a§000 rpa, lh# 
tvoftlEMat w l * oopptsr and clcium r«ailt«d I s m# r«ov®l of 
not ooly the sLuoosv} «*£ otfetr int^arf^dag $2!Nrte6«#s but aloo 
of any paotatn mm&£i.m$ in Hie »©iam©a» 
to aliquot C 1.0 :ji) of «*« mpmsimlmt ofctaiiitft 
stop 2 abovo» %m@ tAtbtaMi oarofUlly, tmosftnrtd to & oleaa 
toot tuba ana troatot %&«* ,05 s& of 4f *opp«gr aalplmto sola tic* 
IJO tiiay w>a ttan ©Jiillo4 In ico for mtent 10 3imt** «B4 ther»* 
•ftor 6,0 -:U of eau«*itmt«4 oulybufla actd was aii#4 elovlf 
fig* 5, Standard CfHW* Of LACTIC ACID. 
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LACTIC ACID, jag 
frora a pip at id Hi oouotaat ofadUtg* "SMI tote «*• fb«n pla«*& 
in a foi l ing watai^-Uito t'or 5 QAmta* wmm®& «s&>5 aocXtf* 
th»©a^il^ to M.«ir aD°Ct JS.ro% la tti« satk&aj wfttssr ani t k « 
af 4# •••jiriiiiWMiit 11, .way 
££%«r aoelijag fe« contexts, ©*f a& ®f ?«fejr&mgr a$#5j«|t, 
rtagaat ws>a addod ami tha pitatpitetod roa^eat d l^a i i s^ throu£* 
eat the noid, a® quickly and uoiiMLjr a® poasUA«t b^ v i^w«» 
#»feA»g» m« tube wn« gl»0«& to n t*»is«r ocnMnlag u»tt#/70 6 
m& al lot** tc «ta&4 for at Isaat 30 olait**, m# ].-rooipttat»d 
roa 3 i t vaa <r*<it.sp<sr«sd «y itmliliig at laaat ones tertag ttiis 
inoubatlmi period. at® tjub«j» mm tun. ht*t*4 for 90 &&tm&& 
m a foi l ing wit^aMJulh tw**i gUioH/ o c l a d in cold uetsr. 
*%# ccior lnt«uA1t/ VJRQ 9IA4 ©U & B&usoti an* Larife 
iipaationio 3® .::jootrvj;voto«3at«p at 360 op. k oalldffttton corv# 
w©n pvtpacoa by *v)latin •; ihe optiaal 4 » a i % to **«!««• oonoaa* 
tmtlaua of ste»4s*t l l t i iun lactate C -A > i?), %@ r ault« 
w##o royort«d us sg/fl© g Ham* on wot vad^it teat® auc as 
•Bio Icjvgl of wmm® laatata u&s c&ldilated by the 
XL • CMI * La) • (?a * F®i (fcaA'O) 
whora, % • *§»#38 laotAta* m / l l t o r of blood, o • ©eaaaatiatti 
a* lactate at rest , in a i / u t w blood, 1A * ©©noamtsatiati of 
«• 35 • 
laotato at Mao n, In aHAittr !&o*«t f o « eoncsntsfcttoa of 
l^ yyuvat* at r«at# i» m$/lt-%w blood, l*» * ootiooiitsfitim of 
pyswvata at ttao n, In al / l i tor Mood* 
mo aaoiiBt of total tis&is aholoatorol was dotoraiJied 
by mo aottioa; of B*lnfao&4 aad iMolo* &o ^vem bg? iiawfc j& j&# 
<f354}» 
A kaowt v«l£it CO»t g) of mo tisaao v&a pXaooft in a 
«n&l oor^r oaaminisis ©boat 8 g of ^fe|fi»m@ so f^ms salplsati 
mid niix«4 xaA fiogs&jr* 1h« aaaplo i*« m«x <t*£®a in an alec trie 
©••* ot 1«J0C fox KM* hmr&§ ©ooloi in © &osl©<mt©f* pulw&Mi 
tawrisfowod into s tihatEMm mtabio ost^  oottoa plvgsoft* Si# 
ttilatfto « i ; thoa tfonofaanM into a ooxiXot apparataa, fb* 
yxtmctim of *hoXo«4tMi *a3 m « wnla^ out €W 5 hero* 
usin^ aoialM*i»fVo*t *»61a1&12.*4 oiilorofora aa «io wlvmt* 
Th@ extract i»o allowod to oe-cl ma timofomfod vim Haataff 
to a 29 a velmaotflo ftaafc* fb« volu»« waa mom rslewjd to 
Hie mil: wi-Ki o&loTOfois aa4 nix«fi woll* m a mi&t an alirjaot 
of 10 oL ma Warn «n$ 2,0 31 of t i t ffctably yrapared aootto 
anh,/£*ia© * ailjfcaflft sold readout mm udMU* A 10 adL of mo 
ottm&wrd flotation of oholaafepol in dilororora, caataiaii^ 
0«3 ag of ofiolootorol* <*s\r; tff*at#4 to m# ipso way, i Haas 
veto ©is© propespoA by tricing 10 fit of obXovoftea alona an& 
trotting in mo sasio way *&m mo acetic anhydyido aaptail* 
add wmm&*» Aftt* ttioiai|i olida** mo tot** wo*« PIOOOQ1 i s 
* '^9 * 
ci Auk ©Gatela<» m&'iiK!A9£ <rt S®€ for emoti^ 10 ittaatoa 
for aolor ®m&®g®mt+ tho getotaoos* w*ro tSisu tenatowoi 
to $*2f amrtlfts md tbo color ist«ft®t% ©f fe# exports antral 
ouft s t e t e i gioSnttm® was m®mm& at a «ar® Xaai^ s of 660 t^ a* 
en • 'taoadft aa& l#«ai> %o©i*mi0 20 ;$*otoophotoniitat aftif1 
eqpatlcni 
,:tieal ta&olty Of ntsteo*© |0© 
•—"•'
 i,M
 • — " — » « '•—'• •"• •» "• •• at o»8 x »•""•"•"•'* * m 4ie&««taNl $m 
Optical dantity o: otauOard 0,4 w $ of t&oitto. 
3*oa t i o valno m® mmmM of total otn&ostoBol p*r 
100 if of tamtx t&wa© WGU «aUulftt«d» 
4ci'> mis AUJ&Z3I£ ^>;IC^<U?AJ2 ACtEffx 
#w %\Q a#toiatoati@ii of phocf&afeioo ooMi&^i a 2" 
hooogsoato m? prepared «»a otntfidifoa at 3#00C rpei ta<| t.C an 
or tha ©ottwitiim of ali-a3.m* uaoaph&taa^  aatM^p 
tti© teftavad jj? -^yc*xrtspiiee^iat« a^strate (pH 9*4) of B»te i^ 9 
as ®i$SO«i<5f# by ffetfc j $ aj^ » (1994)* wfta wood aad €13 yonotlm 
Hiatal* was teeste*®*! flnr 1 aoa* a* 5?°Ct ariar tAidh H*o 
vaaetion -eta «tcppotl by «i« aSai1l« of 50$ TOU Hi® litem*** 
inor -in5,o phogs&ata (pi) to t&o a^>rotaiiiia*a tftaplo WQO &»$«*» 
aissacl % tsvo surtftoa of A * * »»$ j»o1n8atf (f9gg}# Uto oolo* 
** 3T *> 
iiitfliislt/ turn a#i#290d on a Itaatdh and Laab :%>tetTCKlo SO 
paetn?i>hotmatar at 630 i»t werrs JUngtfw 1&e «B»fa© ROtlvi^ 
dlfiT«ronoo boTwoai **• ftaospnie •pricyjjhato cont«»t of tho 
ln«alftt«6 a&ft ©outs®! SKtylta* 
$i« ysoetAur* £03? too drtcn&natlaB of acid $i0«§i3&te®0 
ms tbo *MM us tm t^ ic 4UMU&* yboq^taimff* @x&«pi Urn*, the 
!»££w»<! soft .jheqgbatiuw «*twtwtt (pil 5) of hi^ io-uam j$j&»t 
©f *MAt t,:j «&s *©i# gats ma for 1&© alkaline phobia^aso, 
%© anno act do M&tQtftft 1'or ©tuning Hidbr IfftttAteggr 
&uo«a qpaatltl«« of 1taM» tm&m acifia wear© diaaolvatl a^arat^iy 
lii Hit M •• ^ v;coro .^ioa,;!iat<3 gnHitsat© mA Hi# ecnliAafctlcit yae 
wa»a@a at 57,;0i, Aft<R," a-irtvlii^ out ocna ,,i»oltali^ry *s^i»ia«l5$ 
£UM& eanMtmliaa of 1tv isfl wa;i uaod jfar Hit Sattll&tUn studies* 
C'dT -Sic* dvtaraiiifttictt of 5*-nuoXoott<5B3a afttMtyt • 
10" E*«i©g#»t# of tla^is m® pjf«p«e4 ucin, ico-ooltS iJlstilled 
#f tii^ «ip«raa4Nit y&a »<s«S fttr too assay. "ho nctavl V 
of 9Vott«il#0't&diMi wriis #0ms»t#& ^ mtam&n-; ih© «paut£% ©f 
Hi* 6. ati&duft oirve of mtQWMW®* 
30 4$ 62 
INORGANIC PHOSPHORUS,«9 
m 28 • 
9iio«lMfctt ( £ # ) • tbo tottd TPIXOM of tho, sAmHiiPo of 2»0 s i **• 
» a « to contain 5 jo aoloa of £«?§ 2 J* »flfc*i of is*"* m& 50 ja raol< 
of tiia^^^^Ma#«3liJ0^««s«a«^ioi (mo-fiol} Htffo* of $ff a, 
find *%§ s& of the tlasM© feOBOgaiatt* 'aio ccsabmotloii *as iaeu-
beted fo# 1 hmx at 37° ana m@ rtjewstlori gas* m«f«itt«r stepped 
1*^  *i« adit mesa of an opal volswo of 10£ fCA# Aft«r o«»telft» 
action tin aliquot of m$ guparaatat *a® t&k&i Jo* m© tlotwsiiio-
tlcsi of i»oi?ipaio phoa-J^ oruaf msAng *f*« m@18*oi of fitfe* aad 
aabtesow C 19&)« fwr »»$*»§ * • wlsios of p*t * oallbmtloa 
ourvo C Hi$» 6) m» i»wpi#®i %y tufctug wm®km® ®f * softoo of 
atlutlona of etEmrfartf. phoqftftl* solutloii of ^aio-poteoeluta 
p&oaphata, ttn m&$m activity mu m®wmm& &o p§ of Inoypuai© 
phoapfeotuo ltborQt«fi $QT -il of #us$»® solutlmi par hcwr. 
HQCBOUS nuaJ tc ACT* ca»&> 
lath*4 far ttxo «KtanMrtlOA of «8IA f m Hit ti9«*#» m& l t» 
uoluiti4«r (1937). Ihm matem® details &ra as follovt* 
Two .ii"illlit*r of & 30;. ttejfijao lioiiiogaaat® ma Axod with 
5.0 eSL of ooia *>£ TCA an4 casual |U3**3 f&# 1© Canton at 3§O©0 
T->-U Hi® mpmmlmt v&s aiaeardaci and tk® oetiiramt wse mill** 
%&1t* 5#0 gft Of ool* 10'/ f€A, 
«&• tL«*ao va&CtiQ tmm 11) afewf* uag traata*! with 10 i l 
• m • 
of 95 ' frtb«M&# ®#*tit&*®*i and ^ o gttp*ma*»t m* <Uao&iMecU 
Ihla opomttoti u»® r^aa tod to arignto a aonplot® n w r a l of 
p^oaf&osu© containing lipldo* 
•Jha p«U@t twaliiiB^ afta* ISto *gawal of &oid»a©aaiia,* 
and l ipo ids ! ooopotutds vaa tftspandad iu 2.0 «a ©f ftt po-teeaiwa 
hydapoa&do «&a im»tet@a a t 37°c ifer 30 houvat a f ta r ^ t lc^ 0»4 aO, 
of SI! » tiya*@€tta.o*te aoid and 2*0 ol ©f 5£ *?CA wove ad&ad. faa 
eo»t<sttt© was*} alxad nad @mt*i«tt#§<l a t 4»GCO gyn for 15 tfUntaa* 
?h* ov.'vjnmtojit wac taken for #1$ dtitawimtlasa of lifIA toy ifce 
? rclucl roGOtlcii, (>selaol <«*. yniiflad &y iiaoelving i t in 
beuutfie a t tMiUng ta»gai»t»*a C 8Q°S) and osyglf&iisliig af ter 
addles n®»»«» &y tUla tvafttaant a %£iito crystal l lna psodaot 
u&a ofctniaad. Otto * $ » of pjgit i#d o^eteX %»3 dlaaolvadt 
luoadlataly &©fo*® ui»tf l a 100 'il of aenaantRttad hyclrooiilorle 
aoid amtaJjalng 0.5 g of f « M c ohloil&o* A kmm imlttsw (1*0 1 
for aaaeX® and 0.25 ol ^T llY«r) of $*# aXiqpsot of M'f.4 axtraot 
WQ- iwlooc to a VDIUQO of 2*0 "J. tdttt dictlXXad water and an 
o*$aaX quantity C5#0 s&) of 1ba ©rci&oi jpaafaBt » ? J aado^t *lxadt 
sua til® aastylaa %*®m plaoad i s a tootling vatf*»%aHi £©» 40 at** 
tit@a» \ Wmm was alao ma toy tfciag 2*0 ' a of d is t i l l ed v^tar 
end 2.0 not of tba ©TOisol roaipnt* *a*o tfitonatty of Uta gfataii 
color of HJ@ t-sat ©olutiaa «a© a n d a t @^ 0 ^* wave loagta on a 
9ouaeti and J.oaa jpaotvonia 20 i^tTOjiiotomota** aftor th t taati 
aant wan sot to m«o da&aity with Hi® '->lank, 






H a &%•& '*"* 
A aallteatlaii carve was prepared* rtiUiti&g the optieal 
density to talcsrogmsisi of MB,$ %Htti pyeo«?fs«d /east ISW as the 
®ism&ird ( B5* ?)• '"*h® reeulta were reporte* as pg a$A/lOO ag 
f^ Mh tleeae 02? as ps Bifrfphoaphertte CBiW^/tX) ®s free% tieaae 
en a«a*sta,'3 that tho phoapherae ©de%»t of Mk 1® about to-
(l*eeUe» 1955), 
'3#A %as extraeted fvoa the t&eaue rapine by Hie aeHiad 
of Webb and %m$ <195$) • MilmdA^ the defr/dratiQn of the 
tleaGte reeitiue by ether and drylais la eXtpatrt© event Hie ssssple 
to the i»o«dered imm repreeeattog 0»$ g of Hi® original freah 
tteene i«Qf9 auapended la 2»5 sal of 5£ ?CA la pjveni gtaae tubes. 
Hae contenta were heated in a boiling ya tar-bath torn $0 ninetee* 
after which -Sij tube* ,ver* removed to a cold-writer bath* i-h® 
the cooling wa«s eenpiete fe# velmse of the oententa of each tub© 
tne rai©@d t© 5«0 s& vita 5-<f 9CA, The eontcnta mm ©eatftfe^ed 
at 4»OO0 rpa for 15 oinutee* The eapesaataat wsta tteed far Hie 
oeteralitatlan of 3X3A V Graft and Labra»© C1965) ood&ileatten #1 
aortas**© (1956) aelhod of e^phenjplaaine reaatim* Analytical 
ipAde Alphe&ylataine ana swrlfied* first by reerystalXisiaf fre® 
boiling hexane and thereafter ©arrytog eat the este treatnent 
ue&n& petroleum etfe«r an a prostitute to haaene* A perfectly 
White erysstalltoe preauct waa ©btntoad by thta $raeetee» Tye 
graae* ef surlfled dlphenylarxlne waa dleeelved to 100 ad ©f 
reagent gmd@ fac ia l acatic acid, ana 1#5 al of eeneentmtei 
n „ 8, s^^our.eofBBOmiBO^Wa^AdM^. 

** S t «• 
©f atp@oti@ aiHrttldtfiya* c t.er*) #«r a) m of th* r«ig«Bt «a» 
a4fi®a* Cii© nUUl i t a r of «i€ ra«ft4U a d d «rtMot *&» aimft 
wtth two volw iao of tti# aiaa^.jlaHue r ^ ^ m t «od Hi© oR.^aos 
a»t>e*ittttl&£ 1*0 qi of 5J> *CA t®r t£t« t®el«&o aoii «E*s&©i« 
Tto» color iiittaalty « « vwwi on © JOB act! aad £*oao .#«et*QBta 
2D ..1,iiCtrot...Ji0tor3ijt«r rat 606 ap 'wcxvo Xtfiglb* H*« V«1H« v«re 
aoa;ja*«ft wltii a «ta&du6 ourvo pmpurea by vtiUftS&j tiie optlosi 
dtfic&ty "to ateio^stska ©f '«At yiHi bi$>ly ptiljtMSiM* mi$» 
Hiy3»0 "til ®a Hi® standard C si,u 9)« 
fha prcroaulo nltspoipn ©xcretiori rates for Hi# o»$*£liht 
•latflgetm^fi^.a fo^fjilia <*«*• d«tmla«6 r.ooor• In^ to Hid ae^od 
followed by iltisd C1973)« In th i s eMrthoa Hi# fjoisto loaa*« 
vara di^^od bjr » fee*©* 6*29 to $ft €1® l#@s of al t ieaai apsn 
Hi® fe©%# i t m® mm®t®$ « » t tha «m*@ ultro .•otio-ua fre-ottcm 
of t!;io protein u t t t lMa w&c axoretod. 
fh« sstnaafara .Jiiufcl^ r aotbod m® t®llm$®& im the <!«*«** 
abu&ttaa ©* dlaatilxrod ox/a** 0«j©«tireiti.G» lu fee a9ttviua y&**ri 
,=Gter eample (£60 n&) was collected in a bottiL* nmd to 
t i l s * o aad@d 1.0 »il @f aao4pa«»t gulplurt* aoltttAcgw *3si@ 
«*s followed by Hi® additdoa oif 1*0 stil ©f alkaline potassium 
• * ? • 
iedtde «oluti<;xi. 1li# bottle wno etop^etfed ead Hie e m t e t e 
tAxed by iavertin,: i t eevefel t&a*a» .4 pjMOl.itJita wiiieti 
appeared by t'i;3 tresteeat wa ®XX©v#d to arc tie imlfiayt after 
rtieh 1*0 -si of eme©atsa%id euXpIsurle mid waa added mad flixed* 
•Shlo ^tesaXvsd H>e pj>eetpltft.to ooQplotely* \fte# ©Xl©%AiStS the 
»;dutia*i to etai&d ror fivo stoutest ® tOO .al of tills aclutl^i 
%aa tAttidmwa Into a fXm^s. ms&& loaesitateXy tlHJOted vitt **«025 £ 
eo&tm H&oati^ &ate eolntlva* t i l l the yellow ©©lor oC Hie 
©oXtittea olaont dlenpeoByed* Ua* adlliltttHT of eHUNh ©olntloo 
va? added vuieh dwrvle^td u bXtteftOolef1 is* the toXttt&aa* *?ti® 
eolation tau ajfila tdteated %dth 'u085 H a© l^ta tnloailiftato 
solution t i l l tho tXUta oolttr Jttat t^e&$#ea3fed (iusy »etu«& ©f 
IJXUQ 001 or en efemdLuj y&j dtevotfurded* mm veeoafiMftdod} • fhe 
totnl ireluae of eodiws HiiOflul'^ ioto. weed ia beih Hie tltvattooe 
yaa <ultii>lled by 2 to ,;et Hie velne of dleeelved osgygea la 
part® per nllllou C j^ ti? • 
(I) ^ a e e # q ^ , f f i » l ^ * * * te® eoteHlietoent of velattcatfiipa 
between any two ;aninetera Csr Mid yl Hie ftslloulag ate<Xa?i 
re ??eeelon ecpfitS.*m tae aoe6< 
1*03 % • l#og a * b lOf-f I 
tfteve» 10(j a wao the intercept end b %»© Hs# §&©pe# of Hie 
rotfroMlon line* 'lis vaiuee <*f leg a end ti were detewat&ed 
by Hie sieHiode of lenet oiwaree CTt*edaeert 19S9)* 
• S 3 -
(IX) 'letiiotfs for 1ho avoluatlon of ItanOard *wriatLoa* 
3tan<fcird Jrror, Coefft clout of ^HKtMtou* r^rtfmcaf Cfcsr^atfati 
Coaf acltait «®«3 tt*® oiNidNrd m a r @f corralntlac; OMf tUtavt 
uoro Uio saas ft© #v<» ftp aotiecot* (1959)* *%© -tetlstlc^l 
algal, flamo* of Hi** «H #£*r*B«i* yaa ttstwl m*»#* "total* • 
(III) •fyftifflifttili0"iW^F* **• asy»«*"M4« iiid«x « s ©«pit#& as 
-ayotoaa thiaknaeo m a p«ee«*te0t of to ml body X gaffe of flah, 
(IV) flflHftuft ffffliift1 ^® »t*®©li*,l@ dpoufe ol tiie iyoto^e9, 
in "t&etoa«©® wan #*liaat&$ uo fe« mom felfite®®© at aach age. 
eta o ;o, 
1h« rato or absolute grewH* in fe# «\iaka«as of *yotoa« 
h»s> baaa taavibcd as yaarly grains to ^otosa© thioka*©© i>«r 
< )^ JMUflU* .fflPftHtl8- * ^ «*Utl^t «ro%r«i i s fe« feioka*** of 
r^cto.i© una orilculot H1 a® an tsers&a* in >$f@irlt* in each tla« 
Interval ae a p«sre<*itn.#3 of ajeowfe at fe« fctgUmt&g cf tt»# 
iziltcKval* 
-:/m JWPW' o? *sn mw?¥ c? AJIW, ^jcoidrain o? war 
XftfOraalAaa <» Hi* dateila of tha oarpalffitloik and ditto* 
Mntftatlon. of latanal aaaoilaa of lha totu* and tail, «a&lt«ia» and 
t?ia otatistiQ&l *®iOs»ti»4 of tha varlcua r^latioa^iiya* a.'a 1fe*gr 
o«io%» b-5tw**i m# dlswnaiaia of atffavaat ^joavriv wij<m&itu 
ana tba &©# lattglh of «i@ flail* ®ipooiftl&f of *ia Indian ffcoaV 
wxtor totoooto* INWISO laHdUm* Taa praam t ahao-tar dates! t»o@ 
tfia nffooo aoi^iiolaiar of a otmm a*f«*au fi^tjftajflt »fliB>1fy> 
ao«St# lien* aapaota of €&# fwiatttaMvo ?w©2.o®f of thia ispoeioa 
tarr* boot daalt In doteil* 
:t«':*m$ Ml!) t^K/^3 
Cf^ aoyftpfift*. .ffljfflrtala'f of ^ sl«o»»iiiip 130 to 340 as 
napt r,al.£sctea for th*so imraatlfl*tt*aa» 
Hit «w&oda uaad fOf His naoaaiNBMaaji of waiaaa qy«ia«i® 
aaapcavaat* and for *ate*ltatii&3 t*r> otatlaftloal jsatotioiiatilf a 
aofe§a#i dlffaraat ^mwelo oaapaBaota aa& wltii n>a do<V ignntn 
of iba ft an war® the* fmi.*s &o #«i»aftt»@d aadar *f sooatoo ar*a 
'Jalhedaiajgr* d'aa*^}?), 
W.g* §, FUl«t of &# umietataw 
Y» ap&siil portion, 
HPg hypaadftl portion, 
LSt lat<tt*l acp-tam, 
JIT, myotomy, 

1!he lengHutt&al aoimtic raw eel 00 of tho trunk and t a i l 
regions war© found to oonertituto Hie axial rjuaculaturo of 
!•* j^unotatua. me sa&al r&igclaa atiovofi perfect notaaerlao, 
being oompossed of a ser ies of aaegaerits, the ayoto»ea§ vjhich 
were separated fares one another by rayocorsaata (Jig* *H * The 
Riyocooaata seamed to extend Inward, getting attached to Hie 
v«rtebjal oolusm* 
ArciAtocturally, tho ssaatle BBiseulattwre of Hie trunk 
and tell of £ . jMflftfrt^f *&s t^pieally of «pi seine • 1^ fp©. aaoh 
such piscina f^otome of Hie fish was ^•shapedf with markedly 
sharp fleaurea. Hie flexures of Hie nyotones foamed cones wiHi 
Hid* open ends directing backward and Hie .yleoa directing 
forward* Sie ©pen ends end Hie aploes of Hie flexures* on Hie 
oHier hand, exhibited a revora© ajwangeaeat* 
•Sao oyotomas were differentiated in to dorsal epnxlal end 
v i t r e i hypaxlal portions. r2hla division of Hie myotoraea use 
brou^it about % Hie presefieo of a l a t e ra l aep-fcta, running along 
Hie trunk and t e l l uegtonet a t the level of Hie l a t e ra l l ine 
( H g . 9 ) • 
1»e epaadal portions of eaoa of Hie laarotoaea of r i ^ i t end 
l e f t aides woro separated doraally % a dorsal septoa tthile Hie 
hypaxlal portions wore separated vatitrally % aaoHiear oeptum, Hie 
linen alba* 
*» 36 «* 
t!i9 alsos ©f Hi* epwdal aad hypaa&al portions of each 
o." m t niyotom©a» a s ragaaurea aloag too outer aurfaeo, from 
dorasl soptum to ©v« Iata*sl septus and troa tha l a t e ra l sap turn 
to tho l inae a lba , reapectlTaly, w<saro totrnd to dlff«r aarkodly 
*» £• s^8.^lt.ff (Ifebla 1 ) • «*# difforaaeaa se«aod to It® due 
to the location of the l a t # m l aaptBa* Staaa $ia l a te ra l sapluia 
vao aa t si tuated «sEomj «spt«l#ta»t fro® Hi# ©j®jra»l oopton and 
•foa llnoa alba tat vets s l i ^ i t l y mora towar<ia Uio dorsal esptum, 
I t »m&«ra& ths two mjor mi a d o faaoaea CapaxiaJ. ana bypaxlal) 
of unequal aiaaa* Hi© a«a«tv«tfi**a of H*a XeagHia of eyaxial 
and hypaxial portloaa t a n « i « a of fh« variouo tAt&m have been 
preeeafea l a <!*&• 1 • jfyo-tonte a«aa«»sis€*ita a re £ * « i l a Same 2 
In too nsor© oiiterlor # a # « t of Hi© f l l l« t# Hie lateral, 
IMP torn %ma fouaa to take a aarr«» Hila currs waa com*©* tovarde 
tft« hypajdftl r a ^ o a and was feen found, to l i f t up rvirkgdly 
totwrd* * u opaadal r o ^ o n , with ta* v t m l t the hypoxlal rogloa, 
a t ^ I O point ^ e r o +lio earva a t t a i n t it® naidnis c<mv<s3rtty. 
w i readere*! Mortar than %e r^jion lyin;i aa ta r tor to i t , from 
«aar» tlia l a t e r a l aept&a «a@ li£t*A upwards. On the contrary, 
taa condition m& J»at t*ie rcwarao x*or Hi® epaadaX regloa* Ihe 
mvwmmMm opexlel ingle** %ii<m* tho l a t e ra l aeptaa reached 
i t s aaa&iaaa cojioavity was of ipreata? also taaa tfao rogion froa 
tfiero the l a t a r a l e#j»tua %»# l i f t ed up. This disparity l a tho 
alzeo m& aarfeai wife r e d a c t to althor fe« o^axial or tti« 
fe^paadal ref loat aa<$ l a a© mm$ h®vmw?» «*« a^paadal par tus , 
Hf» 10 • Crop* section. ©f o« mn<rfca.taB throuA Hxp fysfon e | g m t #reS7»Ilra&i to dorsal 
HP, hypaa&al portion* 
^*lSry • • * w w W W * «HWRfcf UMpMsjf 
ILB{1)t f irst dorsal lonsltaainal Ijundle, 
XB(2)t second doraal longitudinal ixindle, 
LLB, latoral longttudlnsl toumUet 
MH&, macula tar« of dorsal fin ray, 
MS% aoaian efceletogoaous 
DLB(2) 
LIB 
wao ahort«r than. th® oorr^poudlJ^ spaxtal portion of tfcio oamo 
n^otoa® <S*S« r[ ) • 
l i t Ift-Uml s@p tei UQS found to axtaid i&uavd* mooting 
-the o^tra of tfeo vsrtobraa. llio seaouracMKitQ of the diatanco 
whloh t t oo trRVoraed, to opoolaario of tb« various OIEOS invegtl-
gsiiod liavo i»oo& gtvom in ItebXa 1 « 
ma i3uoole oe^asntg of Hi# Xatojai rajooulaturo of eitti ar 
old® y«33?e fe*at*& to «i#»d 1*0® fcolow «io akin daep into Hit l»dy 
axis and beoe^ Q iial*«4 at *ia mlOilno bjr a aodietn s&aLstogonoua 
tt&o latosml nop tea uhloh t«pii l«d 1fe« two a&3er musola 
gaa&ooo of «lthar side toy I t s v^ry looatlottt sad 1feo aodiaa 
akeletogaROus septum bj i t s vertical pagdtianp raguitad In th« 
arasagaaont of H*» tnmk mid tail mode a lato tjuacbfaiita* 1h# 
dpajdal ntaolo© vort tmm& to ctmstltuto tha uppor oaf doraal 
gtaadmito ubl&a tba hj:.)axlal uw@a3.aa oonstllMtod His lowor or 
vaatw& guG&ranto* Iba- apaxiaa pavtUna of Hi® nyotosao of 
£• '^ ^Qta-toa war© ooipoaod of two dorafcl longitudinal bunctlos 
iftiii® ifee hypajdftl siusoleo woro ©OB^ osaa. of a latoml and a 
vaatral loii:5ltudliial te&dlaa (fig* J_o >* 
I t was obsarvaC 'tint in extmdln ; inward, Uie scotoma* 
and fea ii^o©oa»ta did aot moot tfeo sagittal aad© Of t$M» body 
At rifjit na^aa out iutftTceptod i t at am tm#o «i*teti WGQ aor# 
portion and body l „ g *
 o j f £, aag^^"1 
2131 2.191 2251 
LOG LENGTH OF FlSH in 
2.311 1.371 lilt 
Ft5. 12. R«IatiGii«*iip fe*tir««a th« lm$m of hypmsdal 
portion, and \»dy l<»«1k of £» puaala-tow. 
1.610 
































2 071 2.131 2.19 2 2S1 2.311 
OG LENGTH OF FlSM ImmJ 
ofcarp la the i ^ o n of the %it3>» m « &**»»* *fta«t ifc#* a 
needle v»a t»MarM at * t # t aa$Us to Hi® aagittal plmi© la 
& partiowlwr m.yotoae of ths tail regies; t*a noadlo paasod 
«it« ?af®*»»* and <*it«r«<S the @tt*#r s^otrae inataad of goir.c 
oil -Gio nay Into tha aaaa isjpotoswt Uidlcatixic %&t tha «^©ta«#8 
did not extend at rt#it mglm t© the t t g l t t t axia, 4 acaawhat 
similar ,*mesn of &?»Riiss#a*it of tho layotoraaa aa& i^ yocoanata 
has bean reports^ % Lo^ /e C BIO) In 1ho eo&t |g$3&§ £@lg^t ^«re 
€*»©© wars f©snt& not to rmi varticall/ froea 'bone* aide to 
*aklii'Awt taJciag a cuyvs toyar&s tt*«t tail audi wlltiifi tho taieJau 
of tb© f i l l at iii a sitfear mm^Lm jptttm* 
lac tt-tiCiaiass of tfco apotoaas aad tfea laogUis of tto« 
sjpaxLal aud hypaxlal poftioni w*r<j fouai ta fc« in eorreiatiaa 
ullfe «i# *•& tmgm of Hi® flak <Sig»»ll,l&Ki'>» ^ *»iatl<i** 
tfiif l*®t*flwei *i« tt*lo§m#s« of ths ayotaioa mid #10 body laaglti 
of &• ffiffatotei« has bam diaouossd in a separate otmptaar 
m# y^latlQcatiip botwetsi 1a« l«ig^@ of the ©aaxial and 
hypaadal portions mm tfesi aoty Ifl& f^ti of Hid flati ns woskod out 
throng #«&gr«as&<m letfco&a aoala a« aKpr<asa<SKl &&i 
Log * • 1»1#£2 * o»aoa® x©« y 
whar«# x was th@ %©% loagla af tiio ft§a <a&)# mid y wo tfe© 
laagUi of Hit opaad&l portiori (aa)« 
hm x » o#9«&#4 • o*t 163 log y 

1.110 1.170 l*>0 U N KM 
too IINOTH or HVPMIM KMIW |aal 
Ubf&tt s IAS fh« body IgagHi of -the f lm <w} f anA y wis tiio 
l«sri<jtft of the hyyostal portion <»s}* 
Tiia iqpuAlhNfco aquation eet&oli^iin^ tho rolatlQtteiilp 
botw««i Ha@ lar4gl*ia Q£ fe« <3pas±al and hyi/aadal porHoia uao 
workod out to \>QI 
t*m « * o»a?w • o»Q9§4 x®§ jr 
Uh«*9* x «&® Hit laagtti Of til® fcypMftaX portioici (aa) nad y vaa 
Hie above fi&attcsistj&f i>otw««i tho hypaxiol and ap&sdal 
port! fins ban b#f& £ntyhi«aily aboitt (Tig* j3 ) • 
"ho correlQtlor. ooaiMoiotita imtuaaii Hia body laartfi mid 
His l«t£lh of the e;>fijdal portioa was fooiul to bo 0«993^t alr?il-
ftoftnt a t 0*001 loval of p v o M t t i l y and that batwaeii Hi® bo% 
lar.fjth ©u& tb.o X«offth of Hi® fayjaasfal portion yas C.9930. aljjo 
s tfpif ieeat » t 0*001 1'* *Ch« ooMBLatlfin bslwaaa ish© luagms of 
Sgaa&aX and iigpgaa&al portion a ma tH&o statlotlcaXly atipiia.ewit 
<t < 0.001). 
'Tie l a t a * ! Caudal) ni!3«ilntura of tti# tmuls and t a l l 
s t e r n s of £* an^it^^ttfl w&a found tyvlcally ©f 'plodna* V^e, 
In «act«ndtii^ itwavdf Hi« qyotaaaa es»<S sasywaiFMtft aid mots 33o®t 
HJ® aagl t ta l a*t® a t tfigii &!&#*&• 1fe« logastlh&a of Hits laagHsa 
* 4c* *» 
Of each of tlio oyaxlal tma h^paxtal pOTtlona of tha qyotenm 
rmiutalnod Olmat propcrUaiuility v&fe *&• l o^ t i «uao &t tbo 
%ody l«©gHi of ma Hall* fht tstattetioal onaXjrA* ° r ^*« 
tntJCR^ooiflo qpudal and typasial l«*§1ii rol tion^iii> i#tve 
0.?776 mid r-,3564 ^gwtsissiQB ©©BrtHata* Ui« corrolatlcai 
coofflaiai t Wtw&er. tile spasd&l laaftti mid bo<^ X«*i§tht and 
Hu»t %#tw®«£* typudal loatfti a»& fco^Jf l«ngtli vara found to bo 
Beapit® GfauAdaMtfft* n©slc on tbt ^powti a&d dcmalopaait 
of vweious s&jatoniioal ©tsuettes*®© la flaiTO (UattL«» 1944? 'fetiust 
and Bow, 19561 IMDkaue wad flMfc«§ 19561 \ta@ts?«m : and Child* 
196§i 3 « A i t l l * i tJ6«» Tidtocn aad JtottEU* MO; Hmmtom 
JSJMV** I9T4I €^3U3E?a@ aad ftwiftt 1914) iafoiRBtiQU «fc 1h« #ji»irii 
of th« s|©toM#e» aitniriOf IW*IJB« inatopat®. Hi© pxttmt 
<$m§tm daacrliioe Hi© grotrih e'ltuTxotorlatics of 1ho ayotcciQa 
«wa mmiie to adoit ®m<i@s of kMMmimMM mm^im -&*&• 
1h« qpntttltatlva tual/ads of the g*on%i of o/otoaoH in #i« 
pr«a«*t lsnr««tl<#*tlcsit oosslst® of £Ltt&n& stawlgitLlne l©n» 
adtteto plot© feetwaai ujrotoao feleto@®@ wsad fcody lefesth of &• 
fish* to aragvedalQii fosnulAOt btsl&os *at*l&ttfii&j£ th« a®*» 
spaeiflo pattern ©C th« tpwfeb of an cmtwtoi1 ®nsl a poatssrior 
oyotoct** 
^p^olaaas of tho a\8*»«Bug« yjo to 348 suit 0€&«i«ita$! to 
jrauMfta«*>» 0* to 3* w&® ©£*telii@d l*ai tho load, pood* of 
All9Sh« Ifeo f*#@o$fiitto» of tao diffataut n^jrott^s uuo !»394 
on 1ho «na&fiatt<Ki of CJ©&1#8» th« thlaituaMi of 4«i nad 21 at 
•» 4 1 *» 
fig* 14* Ralatlon3h±p between the tnioloiesa of 
4th myotomy and o^dy Imgtti of 
2 151 2.231 3 111 
LOG LENGTH OF FISH (r»m) 
2 391 2121 
I 
Wig* 15* Relationship Twtettm 1i*e thioknase of 





















2.151 2.231 2.311 
LOG LENGTH OF FISH ( m m \ 
togoliiar with Hi« intaft«p«alfl6 varlaticais very mm®m& by 
tti« o«1hoda oanttOMA uafar *?xoe«&iY« and Ugltoodoiloay* Cp**s#8 
3*evtt» of th« faystoaaa la lMg8»«s® and th« tot&X isody i«^jtfc 
of the *lati» t^i® Xojudthaio tna«fttrantl«ii of the 4th is t^esat* 
ttitdte$®s • ®^&y Xauglb ra&*tlc«ulilp %*aa m&Tmm& by Hi® 
©^Button* 
« 
hag X * V7964 • 0»9®0$ l@g y 
*&«r®t x ttta tlio Sx»% Xoogth of tfeo 1 1 * (an) and y was m« 
thl«3to««s of Hi© 41h -aj«tOBM (na)« 'Hie o&i«il*tlaii Co«£flel«it» 
r (0.99TjD»O01l} yao fouud to t»n al#&tle©at at 0,001 l&r& of 
piotefeLXlty* 1*** ©cpatlca •otaVLl solus ttie r^Xaticmtfilp b#*w*«i 
Hi© 2tot ayateta ~ ttildcuees an3 lioay Xougth of tb« lisfe was 
found to b©. 
i*4g x * 1*9261 * 0,8a>2 Xog y 
iAi«r»t x was the body Xeagth of 1he £Lih (*»)§ m*«I y was Ute 
t: lifted©© of 21 at ny&tese (sn)« t ie oowPaXiailen ooef£lelent» 
r <0*90qgp«0045) wan aisolftoauHy M#i <i» < 0.001). 
%«§© velatloaffclpe have 1mm ehotfi csmphtmXXy < <igo. |4 t 
19) • 
Hg« 16. Correlation batvesn the growth of the 
4"tti ayotcaa© and that of Hie t^ j^r length 
of fi« samHftifijfe 
AGE OF THE FISH ( YEARS) 
31 g# 17* Diff«r*itlal grevtfe chamctarfstlofi of -too 
At abeoluto gwvth of 4th nyotoao* 
Bf abgoluto growth of 21ot myotome, 
C, growth mto of 4th. ayotoao, 
D, growth mto of 21 i t ayotoao. 
4GE OF THE FISH (YEARS) 

AG6 OF THE FISH ( »£ARS) 
*!h© oyotaaa *iicteo®3 * l»dy length nlatLoneftip was 
a&«io mneeeA oy a^osnonntio index* ^@ a9D«aa»tle i*i<i©x (to* 
41*i ajfot«a® and bo% length) seuigod ton t*700 to 1*816 C a^tele 3 
i'trteinin; to 21«t oyotoaet hoverert the s^ osota&ti© Index vasled 
a® pneont study ©Oii&ietMsd ©a mrtoua ;/«J**olS9ei©s3 of 
i« -^ -•^ t^atua nrealo*? tt»t cllfioswat l i f e pexlodo of th© flab 
w«® cteKioteiised hy dtttenat eiianoten of ojotaulo $rovth# 
l«e«t ttoe growth of i&m i^toa®^ ids &ge*»apa«ifio» befeg sapid 
durtag -tin t i n t ^»r o* lit® «*»d deollnlii,; %iere&£teae,i 
*rtiffciUHjLy enou#i» the growth la, the ood^ r length of thie apoeie© 
vas niee newded to 's*e mpid a*ri» j the t i n t yea* of life# fctit 
slowed dowa prc^enislvolf during 1he autoeeqpont $mm iJlfrli )• 
Th® absolute growth o; the ayotones indicated tm ixusnaelng taLope 
in the begiuniiigt followed t*y a deonmetng slope C JPtg* 16 )» ^ e 
*3jfotcw«d e««itlHued to tisoareas® io thido&eee as a nault of 
a&aoltit© growth* bit the mtses of growth deoliMed oosasldemljily 
yiHi age. Hii@ doolies ia the growth imte of the s^otoae® WES 
also Gvtdetit ifeeu $m&& -pii.a plotted a^&teot tioe pro docllin-
ing et*#v®B C fi&e» i t \S ) • 
Bid nlat lvo growth off the nyotoaest uhm plotted a© the 
looftiithao of a^toao thiefcaeee agftinst ti(ae« pndneod a e»we 
vhiefc w&© found to sis® ssteepljr ii4 the tj^gtouiag ©ad ioelining 
progressively thenetteY* When tho ?e*oentB<;e yearly *$siti@ were 
f ig . 19. Rafta-tiT* gw»%r& of 41& ^©teaa of 
AOC Or THI tISH { YEARS) 
*» 44 *» 
^Lotted a<jit&«t tta©§ hcnrar/tr* at eontisuoua deell&n to tha 
relative giovta curv* fetora* ©t>¥it»s (3ig» 1H)* "The po»«ftta$* 
yearly f^-li-o at 6Mh ag* and th* raaan 1*il*iai*a* of the :ay©toa* 
1** it* fiauc^las oi *&<£* «^®3e»<*olas@ navo b**n dwm to TatiL* ^ * 
Another iniwaatlng faot ihat tos a^®?na«S f£oa tb« pr***nt 
iwr@@ttjatie» w@ tnat aruito ayotoao of fitft aaintftluad ito own 
sat* of growth* In ^* tynfttatttJi lha gyovt* sat* of 4#i myotony 
was found to o# ooc&yazati'raly <**%*r than Hmt of fi« 21st 
•syotom* (A#»f7'» ^ 0 witlo© of Hi*** differential grovel rata* 
iwuelsd within a imxsmt wag©* for Hit fish** of 0* § 1* • 2* and 
3* yaaM&aseeat thee* mtios war* found to ** t«96f)9 1*531» 1.553 
*nid 1»525» ro&eotivel;?* *t&e aoolyaA* of lntsRt*paalfte variation! 
la ties© nttlo* gave & steidard dgudaticm of 0*0177* S^»© maienoi 
and tao oo*fCLei«at of "enriatte» Isoing 0*0005 an<5 1*510?§ 
*©apaiitiir@iy* %*** xatloe aad their iatsnapoatfic mri&Hona 
Imv® eeaa given la a^t&© A . 
Conoarteit to ts»e aoisermttai of Lav© (f)50>t the vedilasit 
ytm i M * t^e myotone* of j^. agnate, fee wesp* found to ^eev In 
thlekaeea was aeoosspmitd *y an lnerwaa* in Hi© bo<3y length of 
th* Cteh* 3h* psopovtlonality between the giowlfc of in* body 
and Hi© .lyotosi®© WBS apparent firon the eonetBney no es&iitoited by 
Hit 'ayoeoaatlo la«Hoos whleh did not allow any naife^i divergee*©© 
fpo-3 1b* lin**r relation* 
m 45 «• 
Ola d@oliti« iii tha mtiaolut® and th« rolatiVQ ^rovlh of 
the ajotoaos y&s found to be th* ftmetlfln of inor$&i*l»i: an®. 
*5ho ai^ftslty ttottNNn 1h« &©@©Xtit0 and tfee yslmtiYO $rov$x of 
tho 'ayotooea v&a tiosa «sl£®& -terin; the youno«r tbaa Airing Hie 
older af*#@$ a© to tbe old®? ^^8» l^s©^@8 the grotrth of ta* 
"ayoteaas wna a&o« ©ad tiia diffoMnoaa in ih« growth M**® ©oa:?a» 
xativaly l ltt la* both tsxm H10 afesoliito a® w@ll us th« rolattw 
viov x^ftttt* ©^ s»n<med aoov*t n*@ oyotoaea ^ffuspsd in thai* 
rata* of tgtovto. ttut tao xatlo of that* giovth mta© vaslad only 
within a r^«r# wtstriotad asaaua* P»«*imt>Xy» i t mo this eo&stanaa 
in tli« mtios of ih$ latwtfi *at«a of nyotonoo vhleh %ma raa^ongiia 
for salntalntng; a doilnita differential in tbair tftldcnaaa* 
It WIB mt&wxt that i f tba noxnal pxo^ortiana of "tie 
ayotoaaa w«a to b® tmiittainodi tha amataaoy in tha *atloa of 
tbo differential grow€i 2rat@a§ ©«sld®8 1ho ona in Hio -m^osomtle 
iaatoost *•• a p»«ap»|»ifllt«. 'Sha imurow sang© of intSRtapaaiile 
vaviaticneft hovaYav* daaoad to l a * tha potential of »siving 
una oral difamsstciie to tha nyotaoaa of tha ftstw 
A a^ ultima oonralatlon WAS found to osdot ©otwaan Hi® 
srotrth of tha *rj®t-m®@ and that of tha body length of i> lyunatatm 
r%© ehan.jpa iii the a^ooltato and tho valattva srowtii of tha 
ia^ ot©a®% s t aaaarvad in tkia fight wa*<si found to b# a?sa»sf>@0ifio, 
"fca growth *&ta of tho 4 th ra/etoao was A®%*& than that of 1&a 
• 46 • 
210t m*j®tm®m the eonttenfty In Hit ts^acaatic lndleot as 
also la the ratios of ih« ttfttNtttliil growtii y&tes of th« 
*ayo%«m@@ aid not n#« to p o s i t any asjfe@d ^tv«®sa©© £TCM 
& • Xln«Mr MftAtloa bttntai Hit growth of feo body ana ttit 
?3$ot4»eo. 
C W ? - S 111 
VAHDWSCWS Iff a«lC ttUIXCAL C€» ;3KW-Sf*S i s i T!U TiffSfc AID TAIL 
/ iiimeiuofiai 
AlHieujjfi l i t e r a t u r e raporttog <nurlatlana In fea biocr.a-itoa] 
©<wp©nitle» of Hie adUfta portion of tlttx tilth to rtal&tiesi to 
@&a#t aaxt aaaaoa* stag© of amtorttyt *ssiteJia«t loca l i ty , a s 
Tmtme& ty l*av© C W ^ i l e fhi&y aart«&$iva# thar® aaaui t© 1^ 
re la t ive ly fawar a«e$i*»t# daallng with the &tffar»e@© in th§ 
ohas&aol oooipo«itlQii «f diffiHNnt par t s of Hi* f i l l e t of an 
individual I I ah CiSataasaota* I95CI Svmda* and "tatrleht 1953a* 
ill»© j & g U t t994&t»t illjMftl J l a l « t t957§ 19581 &®n®«iitaa anA 
Ao®§ t358i Lovat 195Sbi ' l l a y •&* Lotim* I960; 'Jaaaan j $ & • , 
t96|a*bi Xawlds aud '^vurston, 1964; M<m# 1966a; kotaual j | J&M 
1967s ^af f i , 1973). tha $ra®»t aeeoaiit i s baaed an tha qpanti* 
ta t iva ostiofitica or -.rlncipal ehaaleal oonvtitoantat total carbo-
hydrtit*aa# ^Lyeo&aSf rlbOiio nucledo acid (MA) on-i rtaozyrtboao 
miclolo acid (3iA)» aholaatarol Mid m®em value in t a n a of 
OQlorloet In tho tannic and t a i l aaatloaii of Hia f i l l a t of 
pMNtOfritoitoi anHHtftifr* BI««*U 
MAfSlXttS A»I> TtTUCDS 
'lathade anployad for taa $»T9*j!sn*a«Rt of j£* uuiictatua and 
the i r aalntmauoa I s fea lii&ow*t®ry nquarla, t isaus aaaplliag and 
• 4? «• 
m 4 d *• 
tli® a.ataii;> of Hi® analyt ic*! ^.roos^res, and qu^t i lRt ivo 
•valuation &£ th« asta wora tJio aaaa no eleocrlbad «»i«5r 
*?*©©•#*» and i«tho*9i«gy* < P * # M I 9 » 5 9 ) C 
*S« aimoaatwtiai® of cartas© eavniaal «*o»®tt%i*is and 
•navgy valua of tile tftuak nasi t a l l aaatlGaa of the f l l l o t of 
I t would aa •Meant from «*# a&nt 'fiat Hit principal c?io:iical 
ttUatttaanta (ynrotalat fat , vator* aan)# total cerbohydratoa, 
tfLyoo0*a# SKAt :;;*, ana* otioloatorol v©*o not tf4a*JH*ttad faomo-
p i f p a & l in tha body anaflttlatava* »ith tlio «xnaptlon of water* 
utioo© .rtt:-jtr5,Uitloiial ch^irtiot«rl atlc was in aterp ©mtanst to $*• 
fnt, mil tlae eonatitiattta vara arara conamtrtitod. in tho nisclas 
of 1213 t a l l and of Hi# t i l l a t . The <Hffar«K*ast thougi laoa 
saurkad for 00a® onvxalaal otaiatltua'ita, yara atjaiifloant for "tit 
©Hiar®, ulth fe® hi £ a r larol® of anaray aulMriniie«at inaliiain*; 
prota5jit t a t and m*ftK3ttydmtaf ta* toll aootioa y&@ obviously 
aava vioh In oaXovifio valna* 
until :.nui 
Una oolnaldattaa l a iha p&itam of p»ot5*a&ai®ii In Hi* 
I w a l a of be-fe pr©t«i» and 3BIA wrraalai ti*« isportauea of «iia 
mjolslc acid ir. ^rotalr. ajnUiaiAs* ^ho rim l a ^ 0 HIIA and 
yvotalA ooaoantrattoiia toward® tno to i l and of tn« anaawlantra 
*» 4*3 ** 
ters h®m ffoporfcod % 3A*tS0fli C1964) * «ad Bsatidos sad *Jiot*toh 
C 1953a)
 v vaapaot&val;/* Uh« aoiiHiro qpa&tLt&tlva aowrol&tioiia 
©otvoora IL".& and pvototn aovo %MA roviewad ^ Basaoliat (1955) 
in dlf ^ararit aaatonlaal atntotavaa* 
The psQgrfMMdYo Cecillia in Uia tS&olmaM of oyotttaa 
towaaaa Hi* t a i l oad of "ti® atttettlatara (Qiaptor I ) msalted 
l a a eloaa «*t*np of to* 2?A vtoh oonuaotir* ti®i*o aapta 
< lyooori'iata) apparofitiy incraaood t t o 3IA ooaeaatKmtlOB* A 
eorelimyy to Hits finding l « «vid*it f*oa 1ha » o ^ of x»av» 
(1953)* I» addition to t i i© Hi® at owes* svovtn mtaa of «$i@ 
poatoftofli' looat#d gyotomaa < Ctaptfsr I I ) a&d honoo of Hi© 
on sale ©#11® coiitfiinaO. i a K\m* oavi,o-3d a laar$«r xsu&or of Galls 
to bo aniplo-a i n a un i t wtAdM of tha esiool© tissue* ftla can 
also account I'or iii ^lar I.A coaoccitratloii ot the t a i l aaaeloe 
tlnoa tho vnlud of Ilia in a t issue 1@ dir«ctly related to tiio 
uaaooa? of ea l l a proMnt l a I t (Hotobftelaat 1955s l*#alia» 19551 
ailow, 1970) • 
I H # « eonot&tNBtlQn of fat ©oaoawod in H*a t a i l #©f$.en 
of the fiofe api?aavad to ©owpa^mi vlth the ©onoaatssatim of 
n^oooiwata ia feaaa aroglozii* yhioht a® ropoytod % X*w© (I970)t 
contain hij&ar i w o i s of i a t 1han Hit ^otoaos» 
S*@ 4o©li»@ iii th« *altia* of water to«i*d© *$io t a i l oad 
of tha -maeiilsitttrs *»@ Hi* ra ta l t of i t s ffaotpirooml eocraftntiott 
wit2i tha fat* 
• 30 * 
Oapoater ooaonetfaticm of a#i in fee fell eeetlon of 
fe® lien %»@ poshaps &« to a greattr aonoentsntion of aone of 
fee :.vojer iaofsg&ai© gabntaneee* Ha «a®lyM.a of differgat 
*ogio«3i of fit* f i l l e t ©&«ied oat fcy a*!j»8t0*i and ifMUastor 
<19$0) sad teestoi (1962) al©o indicated to an increase in 
mbifteioeiii like aodftu&i and potaaeimat at Hi© tail end* 
Km<M,om (1B32} ©ewei&tod fel» insr^aa© in fea ooii0*»itmti©» 
of aiaenl nubotanoea towards fen tail mS wife an iitorasso in 
Hi© aefebolie aettvit** of fee atoaits* Joote GUJOF Moohenieal 
and ;iiyg&olo,gleal lareetlaatianat hmtmrn* did not indieata to 
ntifiev aetaboli© activity of fe@ tail maoloa* Hhm studies on 
fee diotrlbation of entirely 3?iefa pn©spl»te ©or%iOtt»&a 1B different 
seotloue of floU sueoulftiur* revealed no protoTORtiaX aoomnXa* 
Hoi of feeee oibataeea in an/ one part VMs&gmtm* 1961a). fee 
obn^nmtion® of taauo j$ j&« (1951) » *ei>o;rtiag lowest pH an a 
eoueeqp«aee of eoaaidenblo eeouanlation ©f laoti© aofdf fevongi 
fe© broafeitowa of t&yeogen* in fee *Jid» and not fee tail-motion 
^TOtriied ao indication of any gvemteY phyat ©logical vole of feo 
waelea at fea tail region* fhie nao supported by «fit»ae<paat 
iaveotl/rptionij by iHnck Jdt $&# (I962)t doounontlnjf a decline in 
•Ilia laotio neid to $,^ 00501* rati© toward® fee fell end after 
M&soular netivity* 
It eau be omioluded feat fee ©buenred tooreaee in fee 
ooiiogatr&tiGns of total earoenyteateai gLyoogou o&oleaterolt 
and fee varioua ©fe©!f oonetituentaf wife fee exeeptlon of water§ 
*» 3 "J m 
towNrto H*o toll wm$Lm ©£ Hi© misculaturo wno dn* to an 
incra&ao in Hi® mute* of oal l^ yar s u i t waiiit* a s oloo in 
Hie ]>«©foa*t±« of ©ou&ootlvo tlomoo* rcithor t!iaii in #33 
soteo©li©# a o t l v l t j , thlo ©«moXmsl«m was in m^twmmt %&t& 
too 0319 arrlvod a t % ove (t-77o) for ooae cii^ilcal oouotttoaito 
of fiati. 
^ J $lffoa?#aoon la toy c^icoiitratioua of vu louo ©tieaioal 
ecnstttuonta it* M>£fmm% Htstoas of too s»o®alotoi,o of 
1* m s A l i t l a ft<UtttUo to dtjAfytng to© m H o t l o a s in too 
:iutrlt ivo vr.l«3 of alffoaemt oo@tt«*@ of ff H o t , also laprooa 
upon too noo<S to sal 001 ooso parttcuXar myotoaos for amlys la . 
profombly by ai snooting to« flfoo ftm to# c$^ooo«»to§ to 
aLtainate to® sourooa of oaroy apolatoo" to too aaatoaionl apaci-
i i c i ty in too lavf^ls of too <$%mAml oan«tit t t t t i t* 
Motrtlfcittcia of sosie ehaalflftl cojiatituonta in too tSttak 
ond t a i l MOtlaao of too a l l o t of SsMfaBfc^a TOfltElffifi ®1^* 
yoo tloooariooi. Chw.Amllj, to® «»^8iiXato3?o vas fossa" to bo 
f i ixly hatorcg^iowo. <&a imaemm in too X oval a of to© prlnolpti 
oheestoal ©motitosit&tot carboli-dmteat gX3ro©|j«i# HBAt !IU mid 
caclcoterol m® Hi® r#a»Xt of iucrga^oa in the mmbar of oeXlo 
p«r uni t %rol#*t of tho ona^l* a»i In too ©ouomtrntim of aqpooo-
» a m t Hi© ttfrtrttoutioii of wntor in to© sainoolator® wo© iiivas'soX; 
rol&t©& to tout of Hit* Bio s^atoo^o of protota m s fouui to bo 
ffoXatoa to -mo XoroX of fttA* 
CfMPfSt I ? 
ncin .TattersaCA- oossHTuwa n « H mm MID WHITS insane. 
IM0 ehA.'tor preooitc lnfomfttloa tsa tbo dtotrlbutloii of 
pvoslaftt* eh*al©&l ©ot&»tl,&i«t8i to ta l auAdbydaitMt #^«©g«»« 
chela s tore! rtafl v iola te aclda in tti« teifcf uhit* auaoi*« and 
l i v t r of fflfi^.f. m i s ( t l m u ) * a f*#gti%j&t#r aat»£i4u :tffo*t 
has boou oft<l«t v.'1:ore pos«lia«f to olucltota Hi® phyololo^Gftl 
Ixisirj of th- Moehoaiafcl a i i i l lar l t laa or tliffarusioos in 'tis 
1h**« m«&tl*m«<i t ls#i ta# l a esitar to %yo« 30m® l i g i t en tb« 
fkUMrttooftl &£;*&sii!« of Hit to* a»tol# wilb tha %tol^i on th t 
one tea*! rmfi wife Hi« l lv«r oa th« othar, 
UAY3RXALl> ASn ilJBICDS 
, ietiods for th« ^xeauMGMBt ©f l i ve ejptsolsiaua of COarlaa 
fftfftr* 1 M * 'siiiitmaaee In 1fe« laboratory aqpax£«t flBiagtUag 
of Us® tinWQQ, mid ih« quftiititatlvo * f t t a t l o n » &f ^10 various 
cJiffiioal ooA*ttto«kt«t togothar %&H* *&• atr t i o H m l analysis 
of «i a dcttn wore Hi® gaae ms daoorlbsd undor 'Procs&tro and 
:i«ihodoioay* (pa/?«a 9 * 33)
 # 
* 52 «• 
Pljjt 20* Bat/wat@y ratatiosaship la j ^ * MM£* 

mm 
"lia oaaeontifttlQ&e of th^ various feteohealeel const!-fe on te 
la 1he daifc m& tftlte m&silm t»d fee liver of Clariaa mffttff liavo 
been, given t& fet&e 6 * 
!9S0TOT~ Cf itie Hire© tioaut^s emalyeed» tli* vbit* *ai®eO.@ wis fouaA 
to be xiohMt i s tfoe pxetetu content* followed by tba £a*fe eneelei 
the live? veLttg HJ# pooveet «a»ws© of this eoastHttsut* 
FAS* Keoet to liver* to* !*£#» fet ooao s t ra t i on aeaacd to ooour 
in H*s daju: r^ aaolG, tfille fee unite meele feetno? the ^ooraat la 
-ilia ecaetltttent* 
WA*3Hk ttnlike Hio dietvibutieiMl oiiamctertetic of ifet» *iie ¥»te* 
contoat wna ©beefves" to b@ hij$ieet in the unite 'mioclo, followed 
by 1he a&A fltteele tna the liver* aucti a pattern of water <3t***l~ 
but! ii in tiie «**©# M,&mm* *efle«t#$ n rectproool oorroXatiati 
(£Lg. 20) 
vt©*a»vle fet/. t ie w&ati otniiif betweaa «ic two osmetic* «ite 
could bo es^reeeeS ty the follovliift eqpa&tlaa. 
Tiie oorr<aatlcti eoeffieieft't (r) fur iMs rolatlonttilp w~e 
Sound to be *«0*990» ei&lfitiettt at 0*001 level of probability* 
AS* Among tha tairso tleenee tev#eti#it«<it tno adi oaateat of 
the dark OJSQIO ^nn lotvor thou that of the white* while tha live? 
o* i^talnef? the 1 exist <fuantity of aai. 
* * * * * * ^ • * " * 
?OfAL CAScacfrinoATSSK ft« to ta l oatftsoli^&f&ta eoaoantmtioa was 
H t # a a t in tii® livcr» fol low* by tJie aaaSe an tolas Hit whites 
aoaolo wa@ poovast in ti;ii3 onaggy aonatttnaat* 
aiYOOOSI* m# pattern of d ia te t tn t loa of t b i* polyaacoharida 
uas olnl lar to tbat of HiQ total aufea ty ta taa td1h dark a*solo 
eoatalning gmator ©oaoamtmtici* tNs* Hi* whlto, ant' tfe« l iver 
hRviuf, Hit h i^iaat aon*atttiatlaa« 
cna,£3T&Ka*» % • ©hel«*ta*ol ocsaes&tisattQis of ttt« tfeik ousel® 
appearwl to tie ht#ior than tbat of tho vb i t t t 'out %«aa Ootlnitoly 
lowar tt»a& timt of 1210 livar* 
l i c a ^ c £CX*>a«* ttio l lva* na@ fot*a$ to oo tba viohast ®ms«o© of 
fcoth &TA and 314* followed b/ fee &i*fc rsusolo nnd fee Wiito. 
A aoxv*/ c., Hi© l i t a ra tu ro jeeraalai feat a atol l** pat tam 
of protolii a la t r l lu t lon In fe« &*afc» %4itt« tmaelos tuid l ivor , aa 
©Oaawrad in fea vvtaant ctutyt has oo#i dooum^itod by Jiu<skka& 
C 1959) l a a&roml Ziiii ^ociea* Alfeoagi ma autnor 1$ avaro 
of no oHiar ptst&ti#}@& m&QVt oaallng utfe oori.jaratlv^ ruialyala 
of fe@ pxotato i n fee tliroa t&gaaas* <plt@ a fow etudloo oil fe* 
tlodaantaal «an.atl1»attta of Hia doiic end ifclta istaola** «aE©l««ML»g 
fea Uvatr* a*@ availalfta* 'Ssoaptltig for fe« wo^g of Al«aai»4eap 
(195$)* H»a other lisreatlaato** {&4tkBt* and ilaaaaa**** 1936? 
^ * * J & a V a BSS) yepo*ted love* pfvHNAn o«©aatwiti<m in H*a 
cleri: rwoclo* in ooir^-.rl&cfa to tti© iliita* 
yiH* respect to l i t eooe«fttvfct&4tt# m® r^fe. rausclo 
soBaaUsa ao*» to fee lives* sea* of the oarlior obsarvnticjia 
(ftijtkftt* oad ns^  liMiaa, 19361 AXcsumder, 19551 B»«isl8a»t 1955* 
Gettget 19iff ttMYoton* 1062; ^ W <£$!&•• 1965§ 2®m* 1963QI 
Goosijii end Bs&aftiasXft* 19641 m i # and 3oett» 1966) alg© veve&led 
-fbat a&j& TUSOIO eeatetned oXttetaesmUly htgunr eon o on tint! cm of 
<8ia Sit than the -Mts »s«0L®» % virtue of i t s hle^«r &t 
ooattatt i t vflo eo&gite*! #mt# tuaijfcsi the uhlte ouoolet 1be 
tesk rauoolo vac not -well gat ted for aeoba&lefil act ivity mig 
fia^iag turn ptfaod ettppert fwm a n l a r ©f ether iixreetigfttteAe 
(Bmetarif 1959t Tettehlya sad l£«tsti§ 19601 Burets* 19611 
vitttnbmat> I9fi0s »ittehtamse* «n& <.vo*» 19^1) • i&o ©lone 
proxi-^ity of Hi© aaric wad® to the %Mte se**ed an ooytous 
advantage for thu tsenefer of aeMolltee <B«i®$teiit 1956, 1959) • 
Goiioo^eeitly* Hie otrllcin; locution of Hie &ixi: aueele along Hio 
latent! lino apptaveft to be on advantage to provide mmm #*oa 
it® Tie** £»t dapot to tbe steoh«iioml body tiaswa lit ttaee of 
greater phyaioal aotiirit^* staeftkl&gt.y m<**&§ H*@ piepovtiea 
of th« dm^ c mado to t?io ttilte has %®«m reported to iaere&se 
with tho eui«sltxg aetlrity ©f the flahl bcin:; caisldorsi'bly leos 
in fleheo y;itch root or. the eea oottom tiieui in the pal a i c emoo 
uhiefe wA® eontliiiettely (Love* 1970)• 
ftie higher fat eoneentrntioB la fee daat eaieeloi in 
eoapaiteoa to the uhite* alee appealed to he ia teeepiag with 
• § 0 *• 
lis® t&t&mt esipaettr *®«ftsst® upftd a^t&inxiaa. ?»» th« iiw«8ti* 
gfttlonft of auiiufcl (19^5) # StUMd. and Jeans <t9«4)i Josms sad 
Mlinafci CW4) i t w&% lnda«dt fannA that fea da* maal® w« 
cuia of fee tlaatiea iriLfe a g»m*m eepaa& r^ towrarda Jfetty acdd 
oxldMAcau fHrtt**y ntudiee carried out % a#©*^ e (1962) and 
QmTm ®&% B«fcda.i**l& ( f$4) *apr«al«d gxmter li$a*ie aetlviV to 
too da* J»S«&# a&d i>©lBt#d Usat fe£* maolG m® vail adapted 
to ut i l ise lipid n@ It® chief fa*l« 
Bi@ degree of h./dmuori in fee tlmine© sjalatatoed an 
i»ve*s@ fmwmm^Lmk tdfe feat at fee fet* 
fwsa fee vala/tlrely hi;#i«r ooiicosit?otion of ash la fee 
td&ts HUSO! a i t appaaxed ao If fela naeiimtleal tioduo Tafaivad 
(iroater moanta of awe loaapnla &ibafeuoos fees* fee dnik 
rsuacXo, wt^ee fe»otlaa# in acme reap^ta b*e bam reported to 
be alalia* to ttiat of cm tntawal oigatt* ap eelally fee live* 
whicn oontalaocl fee least cK»t*eirtm1&on of *an* p^towa studies* 
»©ta1&j fe®se ©f »Xmm$m (t999)» Bmeltesa (1959) and l^ raff .gt J&* 
C ^S3) als® *af©yted hi tfiejr aaaAentmtioB of a«h la fe© white 
rjuaeia fean fee aRtk. 
?Uj0t«r eoEMitFitlaa of st*@la«tasml la Hit dusk auaale 
la ee?ag»a.i?iigcm -to fee uhite* as ®»aej?r#d in fee pftanst efedijrt 
ooald &® attxtautad to awe ©ofaeldfliMta la fee phyatologLeai 
»Xee of tb« da«fes en eel e tad fe@ liver (mm* f963a)# XaNR&tfti 
Jd &* C 199Tb) aXa® deoaaantad M J*«* aat& lerel in fee <3axk 
faueeie. 
•» 5? *» 
3te £M»ttP quantity of tmrfMftiydiMt* in His c)oik rauoclo 
and tha l i r a * swpswi^t^ a mmmem iwr H*« nappl^ of s&arsf to 
1ba saabatkioml tiaaa* at tiraoa w!t«i '&c calorific dosacmdo could 
"DocoTSQ too big* to Ha aait at 1ha aaepaetaa of tfctita nwselo l^yoogaft* 
A locatioual Jaxto^oaitlm M Uio &y& aud %felta nusdeo vao# 
thareforo, of eonaidsmbl^ nalp la pY0fia&a3 a»#*®r for iaaattftta 
a@o#a» I M#*©x tflyeogan oo»itorit in tha <iajk nuaoly. In caapajrt.ee 
to iho white, has alao 1mm *o©o*iaft lay I m i t a i (1956). BatHiaa 
(W63)i Bona f B6&}t «a4 Oaoiga *®$ 3e§s&*i»ii& (B64)# "Si* 
inraatljptitiRa ommlad out lv iiiaaag p% ($.. <f966>t h®w»if«*§ 
ftoraalao' no oonatstant fllttmmm la i^« #yo©g®a 1 aval a of His 
t * 0 typoa ©f TUOOloa. 
7no ali$i«r XmA& of 11IA i s 1ha i»3& raxaola and t^ >o l iver 
tspllad grofttt? sttyaiologloal activity of to*a» ttsgaoa* tha 
invaattUptiono of amehat (1955) and Laalia < 1955) lo f t ao doaot 
that a peattiva eftrralation did mdLot batwoau In© MA loral and 
the nstriboltc activity of tisai<s# Ota gnater ©<moaettmti.<m of 
BRA In tha a&ji£ isase!,®* in ooopftgiaon to Hurt In the \iitto# 
iapliad tftmt tcio an*. taiaela aanld bo an i?ap©rtei*t location of 
a TOdLaty of natnaoXio ftinotiona aaaanbling H*a l ivor. 
XuDOfar Go «ia lgr<si of HI A t® valatad to tha nuribor of 
©#11® eontrttautlag to 11*© unit vaigtit of 1ho tlaaua* a a is ts i -
Hi^lmaa efiamotafistl© of f i t afA la 1ha ©3?tet Xlv«r * daife 
aigele - l i i ita onaala» wHaotad ttot anon.- ttie thr?.;e tisouat}, 
1b« cal l 3 ©f l^ io l i v e r wera aaiwuafrfct aatitvltuttag by tew %# 
s©@% mxatoar of oella t@ lh« vuaXt mt t f i t of 1h« l ivor «£$!*» 
wUlo fe* ce l l s of «}« deifc Tuaclo H*a*i#i i3ne.13.or mm thooo 
of 1&@ I M I I a&git l*a of lar3«r ate«ial«© in eom^ayiaoa to 
thg h«*£tft cal ls* «&d *SJ@ the snat>@r of ca l l s scooted to 
e«m$i&$tj%® to th« gtvm ¥«4#1i ©f Hit t l * M fflisylo was hi£i«r 
in tfi« 4Mte turnsole t « i the tf.lta. 3©n@ of the anetaaiatiL 
obsarrotlona C:s©aa«k@ j $ &U* 19591 ^ r e t m and liaeAst®** 
I9€Q$ O«0X8«f 19631 B**tH£»®# 19631 OSOFSO «nd IsekaawOat 1964» 
nnd Uldiiham, 1967) h«r» iadaod w$#ri#& ouali a dlfferatioo In 
& • e«&l slaea of «*# two ouaol* %p«a, iJ «$»$»% tola \JQS CIIO 
of the imtr. teals of th« dlffer^ice© l a ^i© ftaounto of mil found 
in ih« un i t v t l g i t of th« tftxiiMft tlaaaa®* Sbat 1b« aaoa&t of 
am in the gtvaa wgl£it of Urn t&oaa* was wHstofi to 1h« amb** 
of oeilo $Tmmt lii I t* ha© teaa vail a@«t»«ito4 (ttetobkla** 
19551 L#ali«f 1955)* H*v«r#9t fe« #.ff**»©08 t a m© :»A 
a?n1bMtt of QLttmmt t iamoa ommoi bo mi@d out. 
!t®t*tt*2tlc» of yorao dv.mlcal caistltUiSito waa studied 
in tb« folk a»i vhlto ssiaela® «ad the l ive r of ca^rlftg n|Mf» 
(Lixm«)* t-f Hi© Iter©© t£s*i©% "$*@ tiblto ffli®©l# oontotaad the 
•it -heat guftatLtlaa of piot t ta* uat«r and os&. lio l lvor was 
p®o#»st lu 1haao aoaaftltoattta tet r^-poerod to bo tho rldioot 
amm® of M% totol oe,rraaai/<lmt«» jL^oog«i§ cholaoterol, SHA 
m 59 •" 
and HIJU Hh6 ccncaitmtlous of tnosQ ®m«tl1»aat9 also mm&& 
to fe# h l£ ia r in the dufc »«©!# ten i » «»• ^ i l t o . yator eontgat 
m® reciprocally igl*t*4 to th« l^ra l of jfet to «Ji« three tdoswea, 
fyoa 4 u ;uial^3i3 of <$*# various ohfniatil conotiltf aata 
In fe« r&xk and yhite m&clm and in fe* l i v e r of j£» J&J|2Ei i * 
apg«we* thnt t alltiougi diffor*-ie«3 do <jxlet batvoan Hi* two t^gaa 
of ',TUsel09» mj^ at toapt to ooiidude f ina l i s t th«s r^yaiolo^cal 
mffiiiiULM •* tha fe* ssaiselo vlth *«»«? th« %Mta aai>el© o# 
tho I lvar my rfttao qpestlaaa It&^iig to a awatoar of opooulatlotio, 
®**m#r i i ivos t i^ t io j i s , ^aihapa of a a@*a fapattaaatal n a t u r e 
an at bo cani-od out t*®£o*# arrivlii,;; a t ma^ final ©oaoXuatoti, 
CUWG Si I I ^i . JNSOUiA** CkMIXftft CCW^XtO^Td W SIS &&f l Of t 
liuatettsa »aiaaaut vfflffififfJAMU jaSttflJUBL* a*ca ™ l f & * * * * 
iiifiicanefiai 
stftttetlftftl dtflaslptiabo otf Hi« giettfb of fltfk h«r« >«** 
pv«««i^iHl "ay aftqy woskoff® i a 1£*o pftot ftto*d4&# 19671 &W*a# 1967 
»«Hd4M 19731 iilflhtiUtt 1973* Mot«f*t8t B73i « # « « * # % Wm 
3owere» 1974 § O i^d^racsit 1974)* tho ©o»olw®i©§a co-.vu.wi to a l l 
i s the Ohaas® in sig@ m& wAgM* %# geoirfe* &ow«ir«£* in a 
g«B*fftl t o » to* * "Voxy tooploai nbao f^t dfpo&dl&g ttpoo amy 
fi&otoro ftroa the gls^lo iaMIA'ttea df %vt«r to tho ooaplimtfta' 
fosnito of antn&tieii oa catstry CItamo#f$l i^ :d dr«mfts*t 1953). 
thft $&©t ibftt mly qprotitfttlvft mftlyftlft of ^fowth oonAotSac 
of ftttaapta to fit,
 B mi?§b«# of ^ w t u curves to jaoae foiaula*, 
tollo notiii&a a'&out $ie und«&/lft<s smotnifif » oi or t^ilc gsowlt* 
ruertalanffyt tc49i* in Hw o m m t aie^r on t-ic olco;i^ ileal 
etaa ;2s ohftiftetftvlftl&g $*n gsovtfe of ft i'j^tfiwetor fitfu H*ft 
anthoy imm ftttftflhtd tc ttrthomtlOftX taottoa & ifttiisaalf &• 
Oppo@0d to o por-^lj dtaNMClptlvo sliptitoaaoo* ?5io <ftm&ft* to 
^*o proxlmto G&«S.o@i coiioutfit£j ooairrina &*si**g g*o*1h 
sesacKl In amimm&tg idtfe ttt« $*©t Usat Hi$ gmr i i of ft iim 
ye#ili@ fyoa Hiv* o«n*npti«j of 10o6» I t * ao^tailatloii mift 
lxMMwpoifttlon# ptltmilXyt as pjp®st£»'t« #i«iioml ooRomtBaatt 
tftim easstroot thft sai«l t$§ ooi^ f* Aft«r U*« nttftinafttit of 
J$g» 2t« tmx3Lsm%9 e&aeiiflal aanstHtttat* (P retain, *. _* i 
fatt* - • - •© i Uatofe» « l Aahf g <?) 
in tho £L«sft or 0, etria-tas of M,ttmemt ag«e. 
. • 
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Fig. 22* Paroontage tmsmm m& dscllna in prot<>in 
(stripad %are)t *** (black bars), water 
(widte imws) and asfr. (dott»d team) in 













n II l 1 
m ^ r^r 
m Q% m 
m.^xrltjt hovtfrort tia attn pain ®£ fe« :ooa ooii^-ia,'; % tie 
f t * i s not U0«a for liuaar ip<Mts ait fcr i^ io ri^ fleiim; of tie 
§em&* Ci*w## 1970)« 
vhioh gvova to about Him* C®#$ o* a«A* to lemfh aad tafasMt® 
rlvaro* ifH$&tt«i cfcAa»43L» Aft* Imtm **©## panda, Hi# fist* 
OCAtVllllktM *© «*0 b i lk Of H*# f&ttflW&tor fl it* QAtgU s i l # 
-lutritlvo *&ltu of it© fiotfi s»k#s i t ®i* l i ^ f f t e t food ttm 
•Ad i-iuxeosorj for ¥MI aoovi isc oil toy* t;ia gp#el«i OA sol «i t i t le 
lfcEMMU 
<.tt?3tt Af> ) HO J TSI03S 
©f f,ifii^S^H^ .ftt&ftHHt »i* dotwlmtiottt' * « M mpllaft 
o>tanl«Bl Aaiiljsls &s<3 th* otftti«1&OAl Itttovpartatlfla of tfco dufci 
biwr* ^©#1 gtirsa wiaaa? Vyooodwro and fctlhedolQflSf* Cp»g#» 9»35>» 
*^a «@§ arjaeifto afoonjMi i s tbo ec»@«i^mtiogi© ot pstadlpt 
f oar p*o*laftt«) eh«3ta&l eeavtltumt* hwro b««a giwa la Ag» ^j 
•ad nnlflLa 7 # «»d p€mMVHNk(S«« of their tm&mm n»d d«oMs*®t 
in tho qpoelaous of *40®ng!ii?# o^m» cluanw te?# b«m jF%»r®$«fitod 
i s iig» yji. ?xotala eoatoat of t»o as®®i# aaim»d ftm 1t*26fe» 
Fi.% 23» Sfet/water r«latloaahip in £• atrlattis of 
"Wtaeloas ages. 
2 640 2 760 
LOG FAT (mq /lOOq) 
-
<* $2 » 
to I5» W ia **o tiifets of 0* » §* ysa»»ca^«®s* me TO£S@8 
wftt fwac! to M l l a * la tbo y#&#*«ia@#@@ £roa 0** 5% 2& th# 
tidies ©f 4* ymat eSJunst how«r«rt tti**» s#»«4 ® dlfft&aat ilao 
In 1fe« psotdto oonttnt* A f f e i r urevti* ©i* ttoo » * § hov«r«gr^  
•U .'1 not soon -to cftuunkettsifte ®ey a**lc«4 Qtmi3?ig#fi l a th« »@e&® 
?*ot«Ut ooattnt* 
ifei wo fm*ad to im tn* aest tyaos&o # « © ^ •&*«*%# uaejv* 
{Solott aa*#$ «jt®&g#o dBflng ^ftwtmt f*«l©&8 of gsovlti of tfta 
0 i & . Us® TOXUJ* c j liia «a@l# JM aontoot Is <& it or wit ygajw 
tfLftoooii M&a«a f i w 0*a&|,» to 0«6T$«» A oeikt&zuatft* fa i l la Hi« 
Ottaflilo £ftt wis notoft l a th<» ils^ids ffcos 0 * - 3* ^t^.jxdaa^«s» $ 
#§©sir@«y was, hotwrart Zami to ocair in & & • * of 4* j st^clasa 
and tfioroftftoF th* w l » t a $®e&i»«<I o l l ^ i l y * 
..atar ooatoat -.." ^J® lucsclo ©#«<»& to Sim la "$*« #!«#••« 
£v$ yoaMlasooo f*on 0** 3*# tot is *&31 we a «feao*r«d la the 4* 
y«MP*4U8«* Tho € ,^5fti# of 'dotation a JMU* * © « oll^ilHjf tc tho 
ftehoo of 5* 2f®a»»©3«i*s» ^@ wtwr ocntvat of tftMi mool* isiia* 
tatata a roetpxeoal ttitatlondhlp tdtli Hi<* aiac&* & t ©outsat 
fi-lg#z3 ) , 1M© xtiLatlo&tfiip i»» «pt«@@®« ty tfao following 
®*patla»* 
Log y • *su531§ - $ » W 7 %m * 
m^mM,?^* Siy oomeutlon oooraoliat CSP5 tot tut a taXatia: 
«• C3 • 
•hip mo fooad to bo ^:-,662*C. Kw7» otgoiflaNit at 0,0 1 lovol 
of pseMlllty* 
Aofc oontottt of tho -naotto aid not appoar to follow tui^  
*a#*&ojr yottom of oosiotlaii dasia^ tho gxowtti of tbo fi#w 
Aofe oontoht uoo found to ims^ £ m 1*08a to 1»$S3£ la tho a#io© 
01 0*» §* yott*»oiaoaoo» ,%« o w&m o£ 1#3#0 ' in 1h© apooi&«ii 
of 0* „ 3. &*<&**• tho *oh oontottt dottlaod to ©a s l l Mao Ion ta 
1ho fiohoo of f* yo*i*olftoo} o»i thowfttv th© *oh ©oatoat 
*d*ta #o«*o4 to iloo la Hio goooooolTo yoTOMftaoooo two £* * 4*i 
tot a dottiao m® ftgttu sotod in oofeooqaont yaar-clttoo. 
>a3cc sates? 
I t no® ovldiat f*wa ^5 Ion tuoelo pxottta oaotonto of 
ttio fiohoo of 0* oad 1* yo*»»ttaoooe tuot tho Ulg* p*oto4a 
daaoado of ttio »opISly n*owtii^  ooty ««r@ act partly at tho 
m§mm of **s©oio i-rot^ l.^ fa. I&ioodt too ayovth of Hiia @pool®o 
lions Ismm r^'Ortad to ho sopld feila*; tho first two yyara of Mfoi 
oM ttiovtftftor i t a«®ll!io<s guidKally (JObatto 1910) • i^rttoor 
aott&no ia Ao pvotolii oente»-t in tho 2* • 3* yo**»olaoooa 
owei©& to b# tikio to th® ottoiisamt of oos»&l s«*t»»it^« h ©tmoi-* 
dOoml&o post of tho foot oon&asioiS % i^© fioh oppoasod to too 
ni»oa tip for Hio nA^m&M& of gonado* itodootlon OJ tho motto 
pvotgta atrltof? oai&y l i fo hao «3Loo ooon roportod In aeno fk*ooh» 
vatoar fioh spi*©!®® ty tOmnoJa «a4 Jafsi f Wl9 t*?60) * "Silo 
•» &$ «* 
ftaaettaa wnt ftttvUuttd to ifta i»tniaatl«ti of protata tot«3wia 
aathra g»ai#^ * ana ofctomtlan. of 'fee ^atmis, "b« iimtmm la 
tha i&*?©«ataa« of i » 0 i « pratatii oto«ffv«d i s £• afoiatun baiaag* 
la^ to 4* yaaT*almaa aay *• attrlfcataa' partly to tfta raaovoiy 
fro* a p«Hod of oetfrra gravth ®a<2 partly to tha a«qpi .^tloi& of 
&l$ly pfatateaaaotia dlat* ooapilgtajg of smoapooiustacaaiiat 
ta«a®ta# ft*yf aligning® aai soall £leli#a# 
*Jhon^ ti tha astara &£ tha alat ®0«i®«l to lafUiaBfta* la 
part* ttm prataiu aoiitta&t of tha --umliit the atyiktu,; at Alaxl-
tlaa la Hia protoiii ©yola* a@ rapartai ^ ;,haynja one- Jai^ rt. 
C fj6T§ 19*0) la aarloua spoolaa of traahaatar HaHaa %*iOa® loos 
prafa*«aa@» w®m rary dlffasantt aa j^aataa* that tha ?*rot«to 
aaatant in fish us® lasrgaly tekftaaaaaa' % $*®wth aai aatamtian 
aaa not aa ouoh by tha qpalitr ana" qaaotlty of faae" ea&q«aa«. 
'.foCa^  aaa* tftmiaaa (t937)§ hauarar* aaixitatuad' that tha oc»aaas^ » 
t&on of tha ^retain aAoii fo©^ aaa raa$>Gtialt&j for c&amting th*-
DTOtSlii lW& Of t h a MaClG. 
^aaflda pfotflio eostaat At A sot aoam to altar »2lea*&y la 
flaHa© of tfea 5* yaa*wai»«%f raaraal&y mo to tb* old «#• whati 
th<i gravth mta haa @lat#a& $0» oo»®t damply aa&» ®cmaa«paBtly» 
m* ratla of tha twlataaanaa and gravtb £o©4 atono** la tha 
dlraatian o; mi laoraaaa la the rafcat&ra aaauat of oalataBaaaa 
food* 
Hi© $mttam a£ ohandaa ltt tha *3tf®ol© dat aontaat of 
L» t^^ >a%aa #t«to„j $*atrta sa«»ad to b*i verj edailar to that of 
*> §5 *» 
proteia except thftt tbo ©tangoo ta ffct utt* mm 9m&m&mo&» 
fhe dtollii« la tUs gnaoiUi tot la fttooomi'rii yguNlftiiM &?o» 
0* • f* appoavod to %# aa@ to I ts atsllt nation atilng »pf & 
0*evHi* wail® ^irfew 6«oii&# tn **« ttstio® #1 f » 5* ?•»»» 
clas^a oaaaod to c>e fee oojias^aioa of aMUSRtton* 'jtaeo fet* 
fe@»»s0 otf I ts attfii ©slotitl® *»&IA# C9»3 oolo&eo poar g)t two 
ijoa. feuotgi to o® • #ilnelp*l oottteo o* ou«r&, for **• w&ofco 
oo^ f I ts Ff*3iP?»o®ilv# r«&ietl« &isl)i$ avow** aoy fc«s fe« not 
vooult of it© utUiffiHou for futons l i f e pfoasasto «** 00 
gr^ wHif activity sbtfth% qfttsistlont oto« (fetmisajo. unA Jo4EH« 
t967o* Iterfeofaovst ojeposiasBts on fe« sfftftt of dLffomat 
tsrp«e of foods as -Mis giovfe of tbo ©&#n« ottga«*tod tost fe« 
fooio with B***t«r srdojifia votes usually yoauslt in tho aoot 
til&o ^rotslA* 1bo 1*11® 1& fe« rosolo tet so* 1 tout to 
flcboo of tha 4* $m"&*<&M&® boo boon ftttKltetsd to too iwMwy 
fira a ported of '3ii®©le fttt dtprtetttloa teuojnlo aotl*'« p v f t 
of Hi# bod?* iho flsb# H*€»* oc-iitliiuo-i to b@o»i# loams? ao i t 
mdtnuood forth** la a$*« *tSio %i»3d©» of fes cwfilnimit of 
itssela Hot eokitout ©@@a@<t to b# grotrfe spoolHo* 
th* m3e£eti*»® in feo &^»m of fty&atlon of fe# atssl* 
®®oa©si to 00 fes fteotlon of Hit %w«ioo vfrloh imiatid&od an 
lavs?** oorrslAtiau %dfe fes uatsr oaa-imt* 
«* 66 *» 
kz$% out»ts»t ©f ttio »mmelo did not mm te follow ®s^  
at&ilar pattern vltti the ;J»M#HI of Hit fi^i. ftowptm o»d Amos 
(1957)t Kii© oonttrod a «®ei®miil l i t* in Hit **sii of .aii^aa 
g l^^ Mue^a* ssiasosttd that f t ©ew«#«a id Hi Hi* p«el*d of 
aaadfiua {provHit ifeleh I t psootdtd* j*h*Mijo mid «foixt C B€li) 
i\3<Jordod a ffill in H*o aah oontfltit of the sutolts of C. mmctfrtu. 
froa 0* •» 3* yoaiM0ifi@g#© and Hiavaftftai1 H*« atfe ooataot no* 
vaportad to ±£x®Tmm» *Siaoa oha&tea wo*a atttibotad to nudattoi 
iii tiio ;3iae«X eotttaata taoh ©3 p.'iosphofua* ecle4tt» aad !*&*# at* 
^uist n© Lot* C 1970} poiatad cut tf.it only oppjavfteta «H»i©l««d«m 
that oaa be dorlvod I t Hiat an Hia pwpor ft*natioain£ of Hit 
suaoia dtpaada «#** a oow*at aola&oa of yato** ^aetata ®ad 
toorjitii© eoaotlHiantat i t Is laglaal to tat^ttt « ftadjastunt 
of tka liio»0stiie erttrteaeosi whan Hi* p*opajrttona of w&tar @&4 
piottta t l tar daxl&g Hit gtioooetdve p«A©d@ of @*ewt^  of Hit 
gamma 
(Mm$&® in Hit pjpos&mto #s«toal ooapoidticsa of Hit 
at sola wa*a asusaittoa d*sio,i? Hit gsowHi of o taajftiiotaH aurrelt 
^ i M t e M t o .iMfUM laoetw A dootist MM aottd to Hit *»«ela 
pvotala a»d Hit oemta^ts in Hit fiahaa of aBeoooetvt jonx*o£oosto 
f^ oat o* m 3% ?ML© £aolina vaa &tt*tl**t«d to Hit MwwmAm of 
Hta*a ytotr/to towards aotlvo gsowHi and s»Hi»tl«m* x& Hit 
flsfeaa ©f 4* y«SM3l&®a§ hewavaat the mluoa again foot* 
tn&LmMm a recover txm Hi« ptoftod of acttv© ^povth, 
Uowlt^ a@m of ^rovUi fe^mi tola fists** m® eh&HiatwisHKl 
h-j l«ss p«i*«fflMS@& tita&gts in the pstatimt* ah<s3le«a oosipoii-
tlcn of «io f i#i . 9i# wp,t«r contact of tJi© auoola was fouad 
to 'mlatala & rsaiproa&l ft&&<tl®gMi*tf «L*& th« #i% w*A tftia 
polatloiispiip n&@ ^ prestiad lay a lo.ijarlthiaic ©quntloa. %« 
saaiat of adi 416 &»t folloy «ny *#p&a«e poMmo. of wrtMioui 
Airing t&® aioceaolvQ s>@fi#6n &t gf©%rft*# 
CKVPJi VI 
"Vta^es cm tb« groulfti of uattunl ftifi popislatlmis 
ooastilttto aa i^ortwit aspoot of *as*i^  a&Aiod prot&ori© of 
flohoxloo srJoa#aa«»t» JLuoo tP*o*rtt* of ft«h i® jtafiuoaood % 
n ooaMxuLtion of phyaloloaLoel tmA ooolOtSioal fbotorat *$*« 
a^o cam not fe@ takon no tho cnly criterion for i t s &nno8«i«*it# 
HLaU gr©v«if n&«r*£or«t oou ^3 ^igaails@4 as a ©@r£«& of 
growth a ta»© ifcloh aro #itor#& ©^  ^ /alologlQol and ^eologieal 
also 1turo«hoX6a antf wittain yftioh taeronso in sisa or flooti i s 
tbo teal© doto»3toont of toon* phyoiologloal and ooologtool 
opportunity for growth (ftufcor and Laxtcint 1939) • As thia 
iaorona® in «A@# Gr flmh ia aoootaplidiea throu^i H*o oj/nthoala 
of bo^- oouatltiiontat fifeloHy prototat uaoJol aaaspres of Hie 
growth troe®98 %?©ui4 too ifeo a«sir#o of protein ana i^© oripaateotf 
(rifcoao ia*©l@i© moii, HKA) of protein ajnthaate <B»low» 1970)* 
ifetho6a lissd for tho ooll«otlo& and ?miataaaa©« of fichaa* 
dotoraUttttou of their a.:ef tnaele ®dfiliigt qpaatitattre oatim* 
ttono of WA and proteiut aad tbo etatletlael ownlw&tim of the 
•» 6 3 * 
31g» 34. Qianses in <®i© WA and protein ooacmtratlojio 
in the flash of £• TaunotatUfl duiln;; growlh 
(circles n p v m n t laaaat vertloal l ines 
fetot i*ara *^# asa* ®® daaasioad nadar *'p%m®Mm m& .'lathadoloT3r' 
m© vtte<8£* of J®A and p » M a i s ijjtoiaftftlffto JJMfeto 
aalan.*32tg 1© vartcwn nga group a* iiava aaau |«raa«atad la <tabla 8 < 
and l*ls»z^ • As would d^ avldant £ron "tie datat 1fea HM oontant 
AaaXlnad t m 119*643 jag/100 og la tha 0%ga»^poep to 100#195 
pg/lOO sag In 'tit safe©wont $m&*til&m tfean t&a flab attained 
i^turltyr ant ^i«r»£tart Urn value QmtiiiUQd to i»C3faaoa id 1b 
1h@ g*owfe of ltoa flatu In tha a^oolnaua of §* atta»avaap 1ha 
aoneantmtlaa of it*! tfoaa apooo ta 150.150 p»y fOO og« 
?h& tvand of ebaaga li* tli© pvatatn aanoaatMitLoB In variciii 
yaaswalAaaaa of £# ymnptaina wa al'tllar to tbat of UK A* aanapHni 
that tha ehaagas In protaln vara lass dmatlo* 
flia attaimont of aid a$e uao ahasaetarlaad by velatlvaly 
l i t t l a obaa.3aa is* aota i&A and pxotota ©o»t«4ta# 
wittiis Hia ffai^a ltxvaatl.'yitadt 1ba 1 aval a of Itu and 
^rotate appaavad ta aalataln a disroot pvoporUoaAllty* ^*o lo#* 
ari-fciriic tmaalaxiaatlo& of fed a iralattm^dp van as^ ^aaaad throng 
tba foiiaviag r«sgra*»i&«i aqpatiaro 
i*«g * • -2*4613 • 3,6492 log y 
» *t 0 • 
«b«ro x was the pig at«A/ino m ttssse <w®t «ei#t} «**• y » i the 
ag pvot*An/lOQ og tissue (wit veltfit}* 
the eoxreifttloa 0©®fH0t«atf #» (0«9fbp*097) tor this 
H&atloiishlp wss Jftuid "to »e siijulflaoaiL? hl&x <i> < 0*001). 
The ;sro¥«i of a ftefc, w£*tcti la XfO'seXj a Auwtlon of 
iaejfsi&s® la the atwunt of jxpoteln @a*J the 2*?Af vbieh plays a 
&®j m%% ia I t s aya'tftoala* Moults ffcoot His ooastt'Vt>tlo& of 
foodf ft® aiM&*allatt«i and irjeoxt>oxBtioa la the body* 
1St*j pr#@«i0@ of flubetsatlnl <guantltle* of IIJ A %& tisnaes 
sjntiisslslatf lor,* amounts of pvotetaf £w sitha?? mo ssovth or 
wXtlpltostlunt has hmi assorted fey ns&ohot <1955)# In ilaaest 
as tfca growth 1A the "ixiX& of t&o oUelotal '.ttoAai ia aeol&tod to 
eu inert***. in the also »»tti«r then tit the uuaber of ©a3JLo 
CI*OT% 195%) • the «IJ*3 la. the 1OT@XS§ of I®A rmd protect merefoi 
seens to tadleate ^IO growth e»d not the niltlpllostlcn vlthln 
thO tls&tie* 
Tna ©low uiaiXarity ob©#awe*l in Hi© pattern of variations 
of i&A ana prot^ dtt la i» qttaotatno of msictt® ye«e*ol&ii8*t©» 
aaseolated with dLtfearaat ^sm^ti oltfyeaetefistleet points toyar&s 
the axtotenee of close quantitative relAtloiisiilp b®tye«& the two. 
ft * 
Ihe period of aoet ntpld $ro%f!h# wieh ©©©aired before 
Ihe onoot of a®5»l maturity to young A oho* of 0* a£Ea»£roap« 
was as^oeiated idth hi#e« level© of 8HA end as&thee&s of 
©tmsidemblt <pa»tity of pswte&a than in t iwee of the succeed* 
tag yeaifeolaa** *3fce tttHiaattont in *®*® pre-mtuxity ata$@t 
of the m|oi? i©$ti«i of fee6»iatBlLe towifd© the s^attiesaie of 
ptoteitt ia p» fe i»oe to ®M%me orepuii© eonetltutate 'JSQ be«n 
"tavam to ©eoar in may HA apuotoo (liifeolflfcy* 1963). 'She 
&gt*r gfovlh in young fltf* *'»ae 1>oew vegurdad ©a an adaptive 
property tfttobt besides offevlns >«oteotlon a jainet pro&toarsg 
by irirte® oi* the iaoYeaeed sis® <I«ik©lsfeyt 1963) # iiee ala© 
been reported to osal&a €JO fldh to uithetnnd the esstr^ea of 
tottpesature fluetuatititte oc tbo aivironaan^ throagi sloiiing 
dow the rate at uhieh the twapei&tuuM of the bcdy tiesyea 
eoold ehauge in aooor&^oe with the tiha&saa la the wter t^ npe* 
ftttave (Homy, B55)» 
Tooling in the YBiuea of both !St*A mid protntia iu the 
suasion of the a ^ o s of 1* at;e«*firoup we aoifioidarfc vith the 
eneet of saamrttyt ^iimmm ©oasidesmlke part of the food ©onctimed 
by -tie i i# i w e diverted tewrda i^a^»boil^lag« jvidoneeo of 
the loss of ffiA fgen tfeo ftadi of tl&i doting aatusntian 'iav® 
ala© bom ^reoented % Cretibaan and To&inaoa C1959) «ad 
ftrai&saaa Bao <1965 #^ *3ie depletion oC : ia0k protein <*u*ln& 
oatnra*lau ?taet howevert beou well documented C'toJtelde j$ aX*» 
1960t rJttawja end Jaf&t t9S?&#bt 1963)* 
* f m-
Tfio iJucroas® in the &iA and ;«rotsiii e&ioontsetiQaa 
observed In the 'Xia&o of £1*100 afto? 0"*" ft$®»s2*wp *®s ortdently 
tha eanoaqucnca of the aagt&dttioa of *&<$)l7 i>aotMd&aoacus diott 
ooa^xiaiii.s aaialy of femj© fltfwk *3iio ©l»agoe«r« freo a 
^lanktlvostuo to © pt©eiv©wtiis Hat&t af thl* apaoian yas 
»a^ ©rt@d b^ a^a-Jou (196?)* 5*oa Hi© feat that © a«® eteanip 
firo ft plank tonHtoadia; to a &4*»f trading teMt baa the potoutial 
to ^bjsuan the nvavHi x&ta ojf tno £Ltfi C &rtin« 1966)* i t could 
b@ eonaladad that the protatoMriah diet ineroaaoa tho &** a&d 
pvota&xi eaattnt of tko t»%* 
Bm«@t (19^5) IMIO eaitolud«d that Hi© Jt?*A oaatant could 
b@ dattaralaaa' oaiuly ay tfoo ps©tala ooatent of tfta diat* and 
pvotain s^atficiaia to Ha® body was lis§c@d idth tfto ^yaaaia® of 
tb« oliasig® in the 1 oral a of 38U* Loaa of JHA m& protaln ffcos 
tha &©dy tdtfr ocnaa$iattt alotdn? Join oar # w ooaplat® eocgatloa 
of gyotrth dating potato* fafaa diat o* fenttivi as aptpaytod fey 
7.«alla (1955) giira iUartiJ*? «3p;,eyt to tha pyeaont fijidirifje ou 
ttalativaly Ut t lo etwrnga to too isetusautwatiaia of JilA 
aad protaia oa&asvad \r* hi,$i«r A;ja*gvotip <§*> ooocapnaiad oosisd-
d*$»®i® &H in tho $swv*f; sat© ©f tfao fitfi at thlo atn£* of 
Ufa no hae t>@«u y i^>yrt#d Isy 'jetaia and aiatt (1966), 'Shio waa 
tairarialaiy ta* outooaa of a eha&tg© in tha xatio of aaintenanoa 
t© too gyoirito»ioodt it* tfo* di. aotlea of an tuoraaaa in tho 
ralativ® amount of aaintcfsanea food* iftloh has &aa& iuioya to 
«• T5 • 
etiaaeaetartaoa tb* 4>«*lo£ of <&d a,jt i& f&gfe CUtkol4» f^ 1963)* 
©mag©® w«ra ofckdltd ill Hit oo&otutaatlmi® ©f &*A ana 
pjpo^La aastsiii m« gvmm of 9ii^tiiiMlflit jaaa&Sai* * • 
p*tt«ni of Qhaaato In tho &JA «***$ papotsia eoatonto i s QLttmemb 
&g®*g$mim of Hi@ fltali wtsftt almost staiiaift thougi Hit ehan#tt 
in Hit latter voro Its® :mrked« $ha doolino In Hi® larols of 
H i t t « 0 0 0 n * t l t t 2 # l t « t u HiO i3pOOif3«tl9 ©f 1* <l$»»g*0Up ©&«!&<! 
a ©mg<r.p*i®o o? Hi© nitatoa^at of !mHi*t%t tlillt inospaaat ta 
Hitlr oaaomtmtiQa® in Hie ip©iiiitat&3 yttaMOasota was 1fe® 
vtoalt of Hit oo^alsltlon of & iilgiij protaA&aeaaaa <&at» l i e 
inmmm in H*«* lOfj^rtito of p»tato ®s a dlvast Ai&ttlaa of tht 
tuavt&se 1» the XOdRfitfri of 31?A <y » 0#917) 3?SI?OB1«& U*@ 
l^orfema* of Hde nuolalo ao!6 in Hit ni»tn#als of pvotoln to 
tho growing fl ah« 
urn AI> * sr.??!'-^! ?;r
 t:iCT«n T.. R scroti, ? mc XGICAI* «#& STICK* 
^ 0 a&uoltatlon of tho biologies! ml® of jeitooao laielole 
sold <f£'&3 as aa ov.pnisor of psotoln a^attioslo :Lv*eo808 upco 
tho nooA to stwfly i f tbia ohoatoaXly d t^toaatsa't&o r«&&tleiiahtf» 
oaa ba volatod to the 'condition* of tho fish* aa doftoMaoci fros 
the rolatlaaohlp ootwevi i t s X«m$t^  ®»^  iwidht. llie uoo of the 
#i\ Qo&cissoaomt lu fltfi to ssoossi the jpovlh xatet tfileh i s 
l&ygoly a ftmetioti of pvo-tetn ojathoalst poiutod to thlo rilroo* 
ttosa { uiout 19f^)» .'tterayto to ai>pAjr tho cpcmtitativo ostiaatos 
©f i3util«lc aoi&s for the pv*dletlo& of gjeovlh sat© oud a<aas*ff*i*ttt 
of I&OIXIM pvo&ottou of ooxtno phytoplonktou end *oop3Uu&toa 
'wva Indeed #®3.d#4 frultftil result® (.wtcilfft 1965? '.oln !!anMEi 
J^ t£&«# I960)* 
I l l s eUa^ taE1 ghrea on aooount ©i the ohiwgeo ixi tho 1@R?®LS 
of ,3«\ mad protsin us volo'M to thu 'ootidltlon* In (.jhlcoplTfftfto 
&imQtsi1ua aooh* In Hi©©© iiiv@sti ptiejui tho *tillot Goo<Sltlan 
tkiotor* ntihe* thou Hi© condition DM tor of tho fltfi ss s %ht&e» 
wa© »©©&§ staio fUlete provide #*<s aa.Jo*' ougatri&itloa to tho 
ver^ f talk of tho lx>ttyf ond i t 1® on 'Ho tleotto o&st.&e £ros$ tho 
f l l lot that the O'IOOIGAI eetlflatione have ©eun boood* &*the*fc 
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g&o f i l l e t eoi&tlon AMtor I® aat* ooostM&t ae I t la lo&at 
af£#st©& lay &eto¥a lik# tfca $tnst*®l sia^lta in f ^ H a : activity* 
"d^mAL» <i»i> I J S &*>;.; 
H«tbo4Ui «r.ip:Lo;/©d .'or Hi® MllvBtion arid i»iiit<iaiKie® of 
£Ldb6«» dgtaraluntlott ©if 4&al* ttltt <wi<Etl@s feeta** aasg&iar.; 
Qi s»e«l# ttocua* qMuatltativ* **t&afttlan» of :HA mid profcil&t 
tojft?i«r *dtk tfeo i t f t ^ i M ^ intttyvetotlaa o* €*@ *feta him 
ft«*a deaaribod midm Vsootaw© end • fathecMU>i&v (patiee 9**33)* 
t >«$!?, <*-1 
l i e e/^ooatmtlatia o? <P.& and piwta&n on6 Hi© mlaes of 
f i l le t Ofsa-'Jl tiow feetor of ^» ^ffptMft^ of xralais t»<J/ lotahs 
IUWQ IHMH sivtK 5n ""tattla 'j» 
Iho eoeiMAtmtlosA of *;StiA tot HM» AMU of 4« .Wttl&lli w&o 
found to to* a llacar amotion ©f it® £Ul«t ©s»litioB ifeoto* CO. 
Is® s^gi^ssiicfe eonl^ fllfii #£ 1too lOdUf&tos&a&Ly tgwaJ@sst#<2 (M* 
# m "&n tqp&ticti* 
i*e c * -1*6913 * 1*1992 i®g »IA (pa/I® m&» 
Tio oanrdtetltiu ooeftloiaat CT) JBiw Uii a Mlatiaaahip uao fousiA 
to to* O»95ttP«0O2t sliiatflomt at 0.001 (pxeM&lity)* 
i*ik« 2t»*.» ni« £n#»«&@$ ia th# paotoiu oeutt&t ot «s@ 
£l*#i i,na AbreefLy s?#tot@$ to «t# inaroMft 1m $t® .fillet c^M^cn 
jfootmr* *&• ft&fitlaa&tp ©raiJt<J bo «3^#»s®oi ^ tta $&lo«<liit; 
i*»#Hff ^ cji© oquritifariS 
*.o; 0 w -1.7795 * £.0403 loa pvotcta (fl^10C^na) 
• 76 -
The alsovii *aXntl<xublF fji?» a slg&ifloaM&y bi£fr Cls < 0*001) 
©owaXatton eoaff&aleit C®«9"?%P,O01). 
H43*oog:«ast tUo xsoga ©£ irwaatlaattcnif taa inoraaet la 
tha l o p « l t t e of if.A %as aoeontpasiad by on t»ero§i0© in ^i© Xog* 
n i l t t a of ptfotito, TJie r@gF®a®i©» aqpatlan aataaXl&lng tbio 
vaXatloajftip MBS found to b©s 
Log lli4 (pc/100 a;) * 0,1229 • 1.6398 X03 pffottfLu (sig/100 s 
*3io ©orraXatiQii aooffiolont (0»94€Hp»G02) uaa ataHstLoaXXy lignl* 
floant a t y-«0O1 lifral* 
In f tahar/ toicXo »yf tha t«*» "condition* c i^ t l f ias tna 
various t&oXogloaX fcnturot) of H«#St aach ao roSaietKOsot aai t -
ataLXlty of atwl*ai»Mnt aud gonad dgRreLopa«t* Ilia *©os«litloti, 
l a most &ah«a vB3rl«» «*e©oytltejs to Hia ©oascm aad xoeallty 
(Low* 1962)* variation* in tba 'condition* of tho Haft a*a 
onuwrd aalnXy "by tho no&aoaal ohaxtgoa ia tha phyg&olog^ of t!ia 
flaU and tlie fi tastes ©f wviroasMntt spod&Xly wltn ralovmico 
to it® nataltlooaX xltihnaaa* 
In £# iya|iOtamo taa HI*A tod protein ocnoautrattane I s 
t io fLaan wore obauirveu to aa a l l a aa r function of tha i l l l e t 
condition factor, /: \ , .„ -.* tao |»©ssltiva eorroXation ootvaan 
the pvotois oositont cad ootudltlan feotor ore tnooo of Xronslda 
«• f t » 
and LW9 (1990) aad 'SoUniaU j$£L» C1974). idaoa Hie pr@a«at 
«xp^ria«at « i ©osijl^t^i tdthlA a tartni&itt Hi© poatdl&e 
iniluajica at* tfia aaftaoaal variattona WGO ;iiui^ t£e<i» and the 
ehaii'saa la tho flllat aondltton ffcotor* tostrtti«r ulUi tka 
ajaaoapaaytii£ ehrjagaa 1» Hi® BM imd p*otaS&t aaamad partloalitrly 
fea tflroct aouaaqpeaoa of t&a iiatrl Hanoi status of ttia Hah* 
Bui aw C1970) hag reported an inaraaaa la *8*a BHA ©oao^atmtlca 
ullji tueresaa la Hi© faodlat; lavol of a flaU* XxuNPanaa in tiia 
BJU add ?ratala Im&lB id Hi laoraaaa in tUa t&atary l&talca ©f 
1ha fish wa© also ®*rtd#it la ®Hiar raporta {»xaalia% 19S5i 
Latitat 1955). 
tha aoiii©td«*ea of hlffi SFIA emoaatmttma %dfe hlgi 
©®ti©«ita»1&Qtis of protata tedtoatad tha sola of thle ssalate 
©old in yrctelii ay&ttiaala* Stsraag luautltatlvo relfiti^iailpa 
batvaat* -•'-•A and pratalat as astaaliaHed too»#* 12Ia r s^graaatea 
morale in the pronarit utudyt wave alao daowaamtad by jisaanat 
{ 1955) in *fso aills #a»d of atUs w*s»t marietta erjjuia af 
vartaomtaa* and «ora lapraaaVraly to Hi@ g>°vtatf eul mra® of 
iiicro-ori^ati^a, Airthav aqpoftaantal atadla* carried out by 
•awgopalasi C1967) on fea atfaat of ttia a&tlnlatsatton of gsrowHi 
hosttoat en SUA laratt s»*£ uy »tall a (1955) m Hia ft?A ea&earita3a» 
-Man ia rag«*i<»atl»g tlssuaa attar partial foapataetotiyf auogaatad 
that tli© fjaora&saa 1» tha 1SU aoutaat rauajfcably eeinetdad wltfe 
an laaraaaa 1» His tsrawtli mta* -?iJ^les raportad fey fiBtehat 
£ 1955) en fea steisltaiiaaaa af faat of imrlcaAs ahaoloal gn&ata&eao 
cm Hia tumewar s t t t t of both tha BRA and protala- ftmil abaft fartfe 
*. ?8» 
@vta«j*s® la fkvmr of <Jie varf oio®§ #g&atiaaship ©j&attog 
!>©t*j#®i ih« SKA aad psotdta a$atti«!il@* 
j*oa the r®n*3.t© of *ui p*tMnt ©ts*% &**& tho Atv«art« 
svldaacea oit®«S to aippovt too*** I t booano evldcant that 1&© 
gjpowlti of the fit#tf wtttoh i » aocraapllahffd nalnly toesa^i tho 
«9&1*UMl8 of pxottto* i s Qlom&i ltnk«d with th« opithNlft of 
3T»At Ihowtoy a^siafistmtias 1fo« u®@ of Vila nioleio mold as a 
faioehoslaea inMotttor of fee viocttt {ggovfe »nte of Hah. 
c^atiMpbalua pn»e,te<tei» mooh* nasi amlyswt to s%iaj tho 
em©@ritmtl«ms of HBA sue! pxeMa in awtl&tteR to i t s l iving 
emattlaa* lis© l«rel« of bofe BRA §»& psotoln w®?o MELatoA to 
feo f i l l at e«iaiti©& &ota»» tho ssarfii©®!® of protein w t 
tacwalmiay asao*fet«& %&•$* feo fi^nraies of tho ehosgo in fee 
X*?4L* of BtfJU 
psrto4s oZ ^volonmii sj-torvatioii ti'm5u^i pity «l eft agloa! and %t®» 
ch«&ta& crimes in i ta i r t»cdy. 2HMA&M * » * 1hglv baaal «B«ngg 
aaupaptlan i t ki.t;yii to ba ,;^omlly IOWOT as eoiatpftVtA to ***r*t 
trial anitjalat th-itr ^atjabolio 4«aaiMUi d'-jclliio ittrtiior lining 
• tef f t tUn (j-ove, 1?70). A4M to -fc'iis l o -fed* ftdtytetlaa to 
aeta&XiM 1 M Y &©<% ocKutf&tutintit m@ fuol for auwiml Hi»x*®li 
m# activity o? atttrifcytfte orissyt^ o yiich rsra&iii in roadiii«sa tor 
«»tfi pg*t#&© of total abataiticai fron food ( iobart j $ n&*t I9& 
f i# pvtMftt atudy \Aia wi-lQTtekmi to tiweatl^t© tho 
etni&ip§@ to t^ io i«ite*ipiX fco% «Mpo«LtlQa» <«ar i/ oont<Bit# 
®Mi*t «fe*altta ectistllugtitG Anlng ©ttwtatim of a fraohuatar 
o«tfi.rfi, ;'.etQ3PQi>naua1fas ^p^ll^a (T31ooh). A record uno alee 
»<S# 0? Urn <\/ivAEiioa of Hi® , f l l l 9 t Gcauittioa tm^mt* laajsauoh 
an I t g^sn fwfi«ot #i© a«*aa,inA»g Xetfola ©£ fe®^f eottfltl1tt«it» and 
fasa $ftgr«l0l«0la& view pfttatt e®» t*@ uoed as cm l n t a of tha 
XMag «t&t« ©f Hi* fl*b Airing otarmtloa. 
* ?9 * 
^W SadjiJf ^ ^ 
l ive apooia^,« of UatarQTmatt»t«a foaaiXla* twsoiml. sa\6 mmi 
mmi%® of fillet «w Hie ««t<M«ln»tl«n of fillet ©otaiimao sfeotoi 
eogsltiia of tl8^«» oftoeileol *i«aj ass end etstlaticc.l es^eeeieo 
of the dfetta, veg* the £*m« mm outl ine vide* *3?voe*e>MNi mid 
^etkOdelOtff' <P@<S#» *>?3<* 
I%iS^#«Xihi* 
x# cusass in i»&au? 
4 fftefteV rkjcline i n fee u « l ^ t of fee fieh ©OOllWOd wi^i 
otiumttai <*%l&e lo >• fo* i f l A M fee iafttlol n@l#t of 
50 g9 fe# deolliie In Hi® v«i *it for each 10-day'3 tateseel «$> 
to 50 day* of at*ij!v*itioa «as of fee ©*a«f of %$$% 6#§99t ^1?3 
fDe&le 11) 
9,^04 ®JS& K>«48? gt veope*tlve&y4* On <aa ftvenget Hid loss SB 
^ie eoey u@l f i t wns I0§«W a^/da^# Hie wc»*®ol«t analyeie of 
tho lo^fifestio&lly tw«isf®is*#4 &&t& of ve&fttit cor^a^otidti^ to 
Hie p@3fi©4 of sttesmttcti genre fee oqpiati«Bi 
LO« y * i.faot • o,ofoi leg 3 
tfeerot v «as fea voi^it <g>» and t> we fea sM»»#r of &y of 
Hio @o«polati«» ooof Aotontf 9 («"0#954> * t r 14 
Of f*eed0a w e fen&e to fr3 si^sifiessiiit at 0.001 level of 
pvetebiii i** 
f ig. 25. Oxan -as In MIQ principal chasaical constituents 
(irotoln,* j ftrtf » t Wat«r», I 

Hg» 26» Fat/wat«r rslatlaziaihip duxlng atasvattoiu 
AUaoleaj, * log fat# p9re«mg«» 

W "tf0 * ^^F 
la Hie «Vf£«& iBtfootdgatodt H»« £UX*t iMcta *ai«tfa» 
t * t *d Hi® ae|©r portion of ttio total tody wottf&t nomad to k» 
hittfil/ afiootod *ar <** st*o«§ of atutvfetion* %io wa» «rld4Mt 
from tho tihaajft* in tfco fUXot v«M>t »o tadiaftttA thvongi tfcio 
f i l l .at eo&aitlcsi ^ctor wV-dai nor* of th* d©oltaia^ * * * * * aurtii< 
Hio p**a**** of otarmttoM (DMA.* \o )« 
n # c u ^ r a in T I : rasif:;!?.«. erf istca coi tsf iwws 
3h* ouuulatiYo %*#li#it loss* ®i Hio flit* as«teii *tKmtlo& 
&ppmm& to oo tb« y@salt of M l l a th* a^g&olttto ©oiiOoat»tioa 
of *aoh of tho yfiaeipal &o% o^mstltaomto f *S&olo Xi". • ii*wr**< 
vh«n $ie miuos of «*tt§o ooaota til onto w o oxpttoooA «siRm^ 
til air posomit&sos* o a*olt»@ in th* fet> ^rotolia a&d &0& %ftiil* 
a * * l * t i v * l a * * * * * * lu tb* vato* mo ooooivod (Jig* £/," § 
*%&* iX ) • 
1* - p t QQ^t^tt. uhl l * a iftar,; doOXisio ta th* ffet con to it utt* 
Sound 'to ooouy f * m 1ho Ttucy start of *tari»tiofi* tho m t * of 
i t * fl&l ***n*d to lunra d*a£llii*4 «ft«r th* o&**t of 40 da^o of 
• turmtua* ^/ tbo atd of 50 fey% a $M&f flosat <p </ o»cot) 
fa l l of 31.300 ' in th* Sit l *v* l wo observed* 
-• q*t*» ,*jftfr»flfr m# pmmm&m of m*m» idtkm l a * * * * * * 
ai*tas *t*jpf*tiOA» nftintol&od on insr«f«»* vAatloiuhiy ¥lth th* 
porooat^t of A t Citt«» 2iO» Hits itlftttonofcip %»» o«p*o#o©d 
thsoa^ti •$** «quatlaBt 
log * • 9*as»o - s«i6& log si 
Jlg» 27, Rolationafiip between aah and water ftuelng 
Abscissa t leg aah, percartage* 
Ordinate i log water, parentage 
(Intercept m 2.S9Q0# slope » *1.3605). 
-0 .060 -0-020 0 0 0 2 0 0 0 6 0 0.100 O.WO 0180 
• OS m 
of yater tool •*!»)» 
lh« oomftfttloa «o«f liattfrtt * iter 1? dtgrtt* of tm$&m 
wan ffemft to too *0#9f»t atgataomt at 0«nof %mA of ptoliftlAUl 
Tht «m of ftit pin© vtttfrtiattft Am* fitf«$t&£ 1» 6D«6B9£ daring 
t i t flftft 40 ^ s of *tM«*ttoiu *%&« imls*® too* to 62»02f$ 
\hm H*o porio-;. o: ntwnmtloia m& m.%mSm& to 50 day a. 
3* %fPfota .ftf&ffiftt* Chtngtt la protatn otftttat* a&fiag «*» 
l&ifot KV&vs of ttemtttR y^mliiod wiwittvoly l t t t wroacamcad 
(flg»2.0« %@ SKrtCUtftl&aft of piotota* ho^orer* npfOfertft to 
bsvo boon taint**©" ty .10 day® of tt&*w*m«# vfota Hi® a ah ms 
«taw#4 fo* §0 a^n a f i l l of 30*990$ wtt nottoV ytina Hit imlst 
of ptottte ©otefeofi oofs*® *t*o toot* wad oftt* H»t oospiotioi* of 
sta^wmttoa vtvo ©eapitwi£ «ta& 1fta 4iff#»»ot toatod otKHotlotiUy 
b.i ©toc3oat*o t»ttett ibo jPtsmlt WGO fount to tog olffiiflotat 
a t i> < %O0|» 
4* 4,#. cofltaat- 1*10 ptsoontft4t of a A dteainod vtt;i 1bo porlod 
of ®mwmM>mi§ t i l l tho end of §0 u&ys *fe*J a fail of about 
94*5^ wio otoaowot* 'liiu fttollnt in thg ayh i w k i as motoitso®1 
otatt greatly weus found to &o Am&£k®mt at 1? </ G*02» 
A vetipsooal roiatlimtsiip al.^ tomato: to oj&ot ootwooEt 
«*e trfi o»4 wt^r oonttBto < il^ c* 2-"/ )• 3tot 3m f^o«^®a «»l^rt# 
Of t h i t VOXfttlOUtfeip fOi' 1? slOgFOO© Of ffetotdO* #WO ^ 0 l C ^ 
a t H b a l e tqual&OKfci 
Log 4 « a»S9©0 ~ t#96®9 log M 
*» w$ «•» 
wxar«» & waa fe« agh p$?o«*tt§o and 1 ua* tb« psfoa&^ngo @f 
Hit m%©¥© *oa.& tioiurilp VAU sfotustl to oo «&0Bili4e&tI^ hSjJk 
(P / 0 t0t>. 
A
 {;zogg«*;al,<ro <Sooit»® iii fe* nltvorsoa ooaao«*ts&tt9& 
uaa a«a»oiftt«A «llh tin® period of aftumrtltti* ' s Hi# r^lanlah-
mmt of aitro&p* fym Hie «K»gaK«» aouioes m« oat of ft «*# 
nstaimt ©£ oitsogaa «umrt«6 boo&no m Indox of Hi* iua;itity of 
1ho H«*i« p*o%8to mt&bcliaed. urla:; th« sstaert atu^/» th« 
o«ia-i.iit of nltftojgoi ««»*to& ®t m&i 10-^ my^ interval, wp to a 
total of 50 &ijx of «tMf*11fln# wera 02.300# 303»6©0t 371,600, 
456.000 and 4t^.20C- jag# mt9m&Q^Mm *° & * • * # * Icoa of 
5*Q95t 6*999* 8»t2% 9.604 ant 10*49? g* **i® m&® « a v t a w 
value of 9.704 lag altiag«n e««W»taa psr day aati a «•*.£»% Xosa 
of 2O9»f40 ag i s €«# day* 153ua§ 9*1^4 ail of «»4ogfii$©8® ultxo^ati 
o:<cretad tadiaataa & fal l of 309*?4© a;; oc liidt tomato,* boti., 
tig**®* tbo lo#Ml*ia&e tmi*femftf»on of tho »s*€tetit of nitros« 
•vmtftd « 4 Hit l o w to %@$g twldht gpra tK« #$iatt*»s 
* -0*09 It * 2*T9& log i» 
%#!«©§ a w&a #i« ancvnt of nltVM** aaoiataA <®g> aad b was "tie 
v«l<£it lose (#>. 
H*0 ©OSTiaa.&tt«S Q@f!^l€i4Btt * tO* t*li» Va lav lOt tMp «»» ( 
o l^ l t lo sut at 0«00| Xovol of psetabtllty* 
H§t 28. HogrtlY* nitrogen balance ( ) 
and filXat eoaditl<m factor ( ) # 
Abaci a aa t .Day a of starvation, 
(rdlnato * A, giado^ieus nitrogen exoreted (rag), 
B9 dacXtaa of woi# t ( g ) t 
€# f i l l e t condition factor. 
C B A 
2 8 r 45 Or 6SOr 
-J U, 1 i i 
10 20 30 40 50 
?£> 
?Si« exovetlon of «.#@0**«*@ f&tteseu adi Hie teolto® to 
H»o wei#t <r? the Hali in *@toti«s to f i l l e t o^&aitloa ftioto* 
h*re fc>aoa &iom lii A,>^$ * 
ft© «&«*gy losses eoxfteepOBd&iM to fee tjioMlim^oii ©f 
pyottia a&d &t %«*«3 #a$lsmfe€ diving Hie ^veeiut @t»% to Aal* 
Of 50 g Of tait&Ul t » % «M|M*t* A doOltoe iH HtO OH^ffif OOfltetlt 
witfc ttexvatUKt m% evident CtoiftelX)* iiogve^aioii awalfsls 
of fels eueig/ X«aa awe H*e ejp&tieii i 
ios : • i#94<r - o«i6io log *> 
%&•**• :, nas Hie enew (o-acrleo}» oad 3 ma f^cia asaoer of 
daye of t^tMrvatloxi* 
Hi© mtoe of ooivAatloa eeeffLelent* r|<~0«9$5) »»• 
h i# ly et^til&aant (.• <Co.00D» 
AlHiougb H»e $e©lto® to Hi* total &&<ly tt*l£it MA« OB© 
of Hie teele aa&lfe*tatlona of atasmttesi* Hii^ was due -aalnly 
to Hit loan to Hi® wel#&t of Hi© f i l l at ^sich foraoc Hie auto 
tulk of H&e Aati oo$y# ttador prolonged atavia4lott Hie ei»iagee 
to Hi* £tllet wel£$itt us expyeaeed Hiceu£i * f i l l e t oouditla& 
faetot** tosUcmted sieve aeoam'^ely Hie pfoeeeeee of teletiesa 
gei&g on to Hia bo^ y Hum Hi@ cti»g#s to Hie total 00% velgit 
(vdlfclaat 1967) • I 
• B& * 
la $m&ml9 th« daftllna In 4ia fUlat ^ « t t » faotay 
aastos atawattoci was aftajMtaslaad ty a <Ruiai|a1tva loa® in 
€&© wattfit l^ettoattvo of £tfl in tiio a&ao&ata loralo of ttio 
psl&etpa, abaalaal. oosaetltsiotit® of tho feo^r <3jat4\all}# 'iowaim 
tttaa rol-tlv« vnlu&ii of thooa cmtatitaattta woija mmmmm& as 
$@*©«it&go of vet %iaii#*t the v?auea of piatata* fat m€ am 
mm®& to dooMiio &a aaafnaft ft f*alj»vaaaX tumbmm in ftto l«rr«l 
of mtam < Ha* 2.5 )• 
A aharp do*iiot!on of 1st fxoa ibo TW& otert of to* 
otewati«i ludloatad tia preforatic^ wttti 'wtilcri **&• h\L$\ mm& 
oonat&toaat wis amid ttpoa t& «#@t tba sotaooiio mn$3%mmk%& 
of tho t*0^# '."he deolitiiB8 ^1L»@* of flit «aru aoooa^ an&ad *y 
laevaaat tn #10 «S«p>oo of hydaatlaa of ^@ tl^i&o* Jaoh am 
tavoroo 9olatiOAfl(hit» oot^ oom flit and votor dn^ &sjg atasaataaa 
Ms also aatn aborted % iioro C WQ)# kilteia* <196T> and Biial 
Cf9l2>» "Rio aaaofl^tioti that ty taeiaaa* la «*o fs»op&rii«» of 
doofw$o is* taa 
afloatMat (Black 
aoa ©f Hiaaa oo»t®titi*oato vilto a aistAtaoaoao 
otts@rt *^c ABO o* tno tn^ ifaotnod W^MWT^ 
and Seh«A«ta« 19501 I dLasr o»d T&teavat W9t c^opgtelt 196Ts 
!>w©# t W ) %^a fmu& to o© tiaa £»I1B,* H10 p^&od wliaw auali 
of H&a ofucriric wptseasaaatt van?® »&&tftta©4|at ih* a^st.^o 
of mdogtaotasi ttot* la t£ii3 gooooodi&g a*aga* b^au iba fat 
poroaatago w# *aaa*ad to ®@ Xo% us 0#9# tna «s*»ats»oy ia t&a 
atia of fat plu:i natnf <ama alttar^d. feta ooultl 6a daa to Hm 
ooalllaatlou ot ^xotatn asi nana* to tHa
 4*i?ot«&***ni»tof' of foot* 
*• OG •» 
Sut as thlo <31ft«*in«« ia H*o «m of flit «u4 n4tor w&o miXy 
1«128$t Hi* ftit * «»t«r itfUtioiMtilp did sot €*wiat» to any 
gapaot osrloat fsoa «i« o t » i # ^ i n o otrt&iiia4 %f *M lo4jB3?lth» 
aAotiUy tamftfOflMft data, 
Xflftoauoh a-g 1f»t flrt psn«%lp to H*0 3@(* nt&aioa. « i 
o n l y 2*T&t$ Ott flHNft tN&£*t &lf&% t t i # p s e M a ftOAtfftt « ! « • 
oo .^i30 to ha m®UX&m&* ChangM to fe« ps«®t«&» ©es*t#*% tta*0o 
litUOf started twm too vory foogtoalilt of atarvsttoii. 4 
MLloo in p*et«En «mtoxitf Atxtag Hi# l«tt«r 
tion l&61omto4 feat fe<» dooltnliis fat #oa«f*«* 
otoatly pwvtd* ooow *«r Kao stotaUolio *«tlttty* •»* poatiapa 
Hii« nti#t% tmiNi pfwi«#«l «*o «ttan]»« to onbojafMi too oofettloatlai 
of woolo pyotgte oof wo Hi# ttsoeo wo?® eoapli»t#iy 6oplotoA of 
thoi? Ait w t ^ i * ao&iotioa in nut oaflwoa**' 
ooooloto BUXloatlon of flit Ytaoavoo* Isae «&a© 
of 
oooli not fttfSU 
Q pcetttft M O M 
ftltfj QOUUlflN* 
tlon ©f pvotata #ist»n stwrwtl«m ttaso appoiurai to %• • 
*oqp»i:glt® to* «iot»itt&Ag tte Sit* ©i* tfco J3tst*# vb«& t&o 
tsatioa of thin « a # t l t e » t «ao aoaatdaomttjr algMnr than 1hat of 
Iho la&opoaoftta* flht* 
l-ico tfio oaogonotto ooavooo of t»vi>i « « f ^ fool ataffo 
wero cut of r, tbo doplation of m a piatolfl saaii $s*t ^tlug 
•fe&fatlOA lfidtoAt«4 t*io pvotoo&yei* ano" ilpolyato of taa 
ee :«itlta *»a©g«iesisi pxoto&a a&4 Art* %dHi a roawltmt dlflajptlo 
of atUtolai' aatafeoliga (Vrllfcioot 196 J) # 
~ 37 «» 
i&ll of ultoogei, iwal in Hit &©%* :^ila i@@IlfM$ not «nly 
npartMBtoft aa ftXttottUa £n thu pvspovtlaa er Hercouta^ of 
totoX aitoogcii tot @» utts&X <J$creaeo in *t*# meoat of total 
oitoogvu Gonoftitoiit to lit® MtetmnftlfUft was to* finding of 
Wilkin* (W®7) 0£i the hsrrlaji, j^ ^Uj© faaafyd* viiid^ ma 
mom totty tarn to» ® l » a ^ # IlfflMti^ltilia fo,a>&to «1**<ll®4 
h«ife <.4tae« jattovgia Ms b#eu *«pi£i#a as to#| «*«* eSiaract*** 
i s t l e ana «co*toa>t «l*n«nt of ysetoiii* mid of *** p«*to«t* of 
pietda a^teteli» C*4*t *»<! f&M$ 196%)$ i t i^ ns pe»M&* to 
astaattln^ th« evm&l ^ota\>oll3i of pjotofta % d*to*ttUi£ftg to* 
to»tolX«A *ito»a*A fastiutmrn* %i@ nitmgto talim** <NM16 b« 
OBtatoio*4 torou&i to* istote* Of p*®t«toi*#s*ii» i'oca (3to8&*F* 
1974) • fluslAtS imu £*pstv«iti*a» &*«•¥•*» to® pitocwa i©&* 
cotiiu not »# r;,yaFuii£ii^ d «&4 to* «»#4ti«4i§ oC itw^tiva &ltrofj*i 
• Y & I I M M S w€»* *OM&4 to ?f*toil« 
fa flat* or 5C- ,; initial wai^it toe sfe i of *»#*g«ft®tt* 
jiitro-eri «s«r»tUB inj&ag SCViny @tojpmtl*m yaa of to* order *f 
9.704 m§ B/toy» ®^ toi* «*t*tl«i of afttoogtai %*a@ cults rifTrily 
at to* *^ «jg*@* of gtrueUuml pro tain a, ^ i^ i In to® goalee 
tnvwtMMcd ooatrlbutod tier© to Hit totol uafctot tona to* Hit 
oiid agh ocrabtnoa. to* quantity of to* nltrog«i loot ecwiu b« 
ns*fi us as iai*jji of to* tiac«e losa* 
*a** ^«g$" 1@»M% as to®§r n*» paatiUL*i | «4m to* i>artod 
of ®tof*ati<mf cowld li® #pat*i to to* total t^mm 9*pi*sS.tot» 
«• <36 «* 
op,lwlst©d im® 1fe« «acwt»t® o£ In4i4?«i«rtii« t^osum pretain 
and fiat ataliatft % tb« ttrfu Hi * &©«*& 4a on^ss? * « & M » 
thQrofore, yaa laigdLy a Jtoaetlaa ®£ %# igeuWig £D»1$% 
©entities* Sfect^r of me nm. 
It was «£«*r £*«© His i*tfea<»f 4si?#*ti^ti<** Unit <t*e 
pmmmfam ©£ mth M U o t A idth tti# ^ m ^ t « i or otaswatian* 
W § uoclliiQ is th« ash wso m canal fttant uHb teaaraaaa in 
tho paroanta^o 0? water that mm e^naaftea of tto ahaaig* is 
aaa/*4n«Mi of 
AlSft&ff 
sua of * !««• @«i«ti,iifiiii@ 3p^ --a«jct«d an fswr«fa« 
"msfnttaia, In tho eH&asw !&Yaifattt vl»wa !»*$# 
W*@aa«<l aa to 'tit Af«ig#® in th<3 a#i aflBtant 
tiojri. Whl&a goao woxfears {yh&llpa J&£U» 1§«§0s wilirt&tt 
1967$ ftiia&t 1D72) obaervo^ tmmmm In * ! • sswi t @f n«fr 
daiing atawmtiatit etna** ( t i l l * * 19381 Kavfel* 193 f i 7*r«* 
193% i w « j $ j ^ * t T')6r0 r^ >orfce .^ daolino i s %«* nan aaavtaftt 
of MIQ bocty. I t w s settlor striking Hart ash w s yap«*ta4 to 
teawnaa in easts ^ore uhc&a Jiant inoltiaing tiio tmaa anfi 
^**i skin* uaa onttiyaadt a i i lo in mam wJior<j 'uc-af>» aaiA afeii** 
froo swsela wna a*»lR9& <fi@ &i£i n&a ®%m to ,.$cr«aee m m 
aftaMrt&an* I t *»&« tna*asfar*» «fi4ant feat fe« bm«s **n$ the 
akin whlca lurr* INNBI ta®«* to b<j r5.ftH in &s>h C4«m§ **»<t l**i*«aflfc 
t*}S0t Lov% 1910) t u a w i w in MantlY*- yseyortnen and lidem* 
G*urc<j'3 of ineaa&aaj is* fe« total (va,.!©) baty ^ati« liow«nr*r# in 
fe® i l l lo t 3 clar.rea of hmm and akin* fe« 2*13, in to* porQ«it*3< 
of aon na@ an inw,iilv'a,aX« &cco:i:>ti;iiaii£it @£ ^tftnfmtlim* 
** 'JfJ *» 
J&ai&Uwi* £*« food attftlts In a atete of p.vij&olOijicea 
Taioy* fectes Osicti 1&« otructMml protain a m& Mtm mm iw$xo~ 
itoraog&Mle , rot^lu, 0^0*39 & na^ttir# iittro^ori braaxvoe 
ylfalmld. <3*# X&M of g»<S©g«&®i# a-i^icf\l const! tuoa to ©Hi 
in ill® fcydwHoi 
of tho t$«»#a ua4 * Jfe&l in too i#r«& of taoxtaiti© rjubst»n©©«t 
twtiigs ©bout ft #!®&*!p»ia&1si<» of aoMto&io aotlvlty m% %t% 
eallulnr lgvol. 
CUAV* m xx 
*?wc :i? x i ; i o ( *m IIWA* *a CA*»nsi!33» cfoAflEAJs HAOJBR <ixm**> 
A w***j o; th« l i toss/tor* ahovo that dajaplta co&«id«tmal.f 
rapovta on ftato aasyoaat «»ial3r Is* ttolatlon t© proeaaalng m& 
apottag* C%w, 19§§* 1936, 195% Ck* j& &•§ 1^ 571 &«bart* 1952 
Cou&al* I960! J«J#«t 1962t Jt**i£@rt and *»3JMkafo 19651 l*wr% 
196€$ partaniuit 19^ 98 Uauoha** 19101 wo|kmdle* *m& Cdms^ B72i 
:iiXts ,a$ j&.» 19741 KotAan nad :$«r» 1974) t T«ry f«*f isy#atl$^ 
tions have bum direwtsci towards a ooapUNttivv study of dlffar*vt 
»g^§i@a In the toSc and Halt* aaailes* <S<8©rgot 1962; x ora j j ; ^ . , 
1^65). *&«*« atoms to o# uliaost no lafoxn&tloiki on tha sotlvity 
of alkal is* <3C 3*t*3»1«) and moid JC %%3*2) ^©ss&at&saa and 
fbavt of S*««aelo©tid&sa { X %1»}«5.) in Hio tujo t^©® of H A 
nuaclos. fti© prasjaj&t OBapta* r0porte Hit blocli^ilcal loooliaa-
tioa ;uic" tho ftmeticual. sigpillsaiios of tti@a# ^as^aae in th« daxfc 
and yJiite i»«3®X@s of two ©oaaoa Anajfovattr cat-flmao» Clsrlaa 
ii\f~l!lAil AH5> It-niOUS 
s t a l l s of tsitf pveouraasnt find roaring of l iva sspoeis«io 
° f £• ®&-my and i . i t i ^ i i t tiaai*§ m\ili^:Zt aiialytic^a taotoifa 
«* *3Ct * 
Hg» 29* Activity of add phosphatase (whit© i»rs), 
alkalln© nhogphatase (dotted Mrs) mad 
5f«aua«e4lAM» ( atrip»d toara) in Hit aa* 
and white saiaolee of £• MM& (*®%&m) and 
1* ^o»allis (top), T«rtt«I ttmw in&Urti 




m i^\ m 
and *notn.o<io of c.Uoulatl.Qji, wore Ht« ®es# &s outlined undor 
*?ioe*diuni «a& ~lethoa®lo^*4p*ij«a 9*53) • 
•Shs aoti^f t&ss ef Hi® neta and mUsaiisw i>hossphfit&©#® 
ant V-uucltfCtidas© Iti til® tele md uhlt* SMSSIJMI of J** m<yy 
**&& 1* fo^^lla tev® t»o«6& &vm in 9&1&0 13 ®^ a i^owa gseaphi* 
tolHMM'ttflfg • fltffffWtttl - XM«w*«eitt« tuaymoiis mooned 
to osot*r la Hi® set lvlt iss of tti© thvss «M$a$»4 *3i® IflMds ®* 
add phr-ophtitafje in lbs &uk and whit a ousels* of £ . qa^r 
y**S h i#«r HMNOL thos* in Uio dsjfe snd wvdte nuocioa of 
II* l^gfllMf' l»lks it® soldi oouatsi?S4rt» His alkaline phosshs* 
tasa sAtMty to His <ta*l£ «n&A %tsdt# ?»@Q1@S of jt* ?^frx vsr* 
slu© hi£i** in ©Oispaftwi to ib« l^ruls of m® iptlYity of tais 
snspss in Hi® two gstsoios of g» jQgnUJU* 
Unl&o tjj# phesgh&tsass* ths &*«€S*«l©eti^ tia* aetiyity ^ 
th* a®* &s<! itoits on sol so of 2* %8^1i.,® naa fqanA to 00 <jr®i*t®r 
in oont*«*t to the Isvsls of this sBftyo* iu Hi® iaxk and tidtt 
snoelss of j£* f2js#i^ r* 
M,Umm»m ,}id\Mm*to/i& ml^^^mlw • A4 Qmm*®& to m@ 
tftitst t^s omsk asisols of sotb His tsXo©st®§i» ^*®eis&i jg. 
•"M* M* Jfessj^ rM osntftlasd oo'ntnfjioci M^iss? 1 aval a of acid 
phosphatase s>ot±*itjr« 
ffio alfcailno phoepftfttat* aot&vily too, was faaad to bo 
gre&tar in. tba tofe msoXos or osrii #i& specie a. 
Hi® dtatritetionaX ouaxTic-tort stic of tho 5,**i»ol@©tidaso 
in Hi® tvo maol* t^os of ttx# toiooatom spool OG wao found to 
bo raeiprooal to that of tlia piio&phatasea. In viiite moolo of 
Si* ^ # g and &• i'Q^ili^ taa 3**iStte3.o©ti<3iiii® aotlvltar %**« M#i«r 
than that in the clarii iniaaXa of t^ ia two apaelaajof omt»tltfia«* 
mscossscn 
fh© pemmQ® of add end alkaltaa phoaphaktaaaa la ttaaaaa 
&a® ham kaom to ho of groat flLgptftaaoM for 1fco w^.sas seta* 
boXie proaa*aaa* Attaaota to ate4y Hit a«t&©©Xi«a of ph®t®faQ3&m 
lattd o^aiiRatiirTO of m"temXly oocnssliis organic ooayounda laairo 
raro&Xai tfca oadstsus® of tnaaa auayata H»t onlnlyso thai? 
Isy&poiyaia (Hapsal* 1961), 3ho rola of phoaphalnaaa in tfe® 
- eta boll en of oaxtoohydxnta* end phoayholiplda Ivm also ooo» noli 
doooaantad (3ttadfi«ld4 t95T)» Xn 1fei pvaaant aliioV* tho 
ooottrsroRO® of hi^ &or aotii&tto© of 1ha add a* t^®o of tha 
alkalina t^heasbnt&aa* i s H»« ta& tsiaol* 3f # t % daa to active 
hydroxy d o of tho attorn of phaapbor^latad oojqpqimda or te tho 
natabeliaa of grantor qpaatitlia of oarbohydmtiMi ana phooplio* 
lipids^ both of ifeioh havo eooa raportad to 00 aara eanoantmtad 
In the daife raijclo (Braatekaa* 1936; itatada J$l|,** 1960? Gllay 
J&A*t 19*21 Battkna* 19*3$ Bonot 196d)» 
«• *J3 m 
ft** activity of H*® two phosphntt*** in tho 
one of the daife an 981 @ ®1«@ M8«*«*6 H»t Hi* aottvily ®^  
sauim® nasi net mttm%9& ¥ H** aetAvilp of Hi* H^unr* in th* 
saa® *!•«»•* in p**f*ntng Hioiir ptsyaieio^ml *©!*©* the 
mrtatloti* of intM*«*lltt3*r pU *.pp*n#*& to allow tti* two 
*n*js®ii with ttffmnt ptt opHU* to **st *iaatnik*cftt*ljr to 1h* 
*av*a*Aj|* ©I tti# *oonoay ox Hi* living matt©* <:|®og# 1946)* 
In «ontm«t to Hi© tm ]fim®g$m^mm* & hJ>£&«r activity 
®t $*««aiol«6tidtt,«» in Hi© wt*it# n»i*ol® my to* a'StafiUutad to 
tn* gwjRt**' a*#mcii©al e*tlvity ©^  H*i* tiaau* 'that **«pi*«& 
a <taXieat# ?«a3wnl** for 1h* ntfHtlfttion of Hi© eyel© *f 
taorpmio pho*phoxo* (#i) *»fi ***n**in* aonophoiaphat* (£3fc»)t 
itiion h»v* *^*u r*gNra*4 ®* H*o pxeduet* of th* notion of 
5*-miclootlv<a;>o on Hi* i^uclootids mal*oul®. thjts should nott 
;\ow0V9r. oxoUula tite poeaiMlitgr of Hi* rolo of Hi* <3aik ousels 
in tno a*ahnni*nl n*H-*/ity ®£ Hi@ tltfu 3i* tdmer** of eondU* 
a*imt&* <p*ntiti®* of l**tie **i& in tn* a&ifc ii**l* Airing 
•ac«ni** (Uitt*nb*y9*r «nd nta«ittof I960) points to i t s *©i* 
lit m# a«cluwie* of anaoalay aotitllgf* fortuity i t oldht o* 
H»o»# Hi® t»*n*f«r of «*Hrtoiit*» to Hi* t&it* s»ael* *fetoh 
la knoui to o* Hs# &y*t to 1** nft**t*d % Hi* maeular 
A ©1©** prodaiiar of Hi® <&*& to Hit* ttiit* mtsol* in Hi© two 
toloootom s, «oio?i @wtai»»d ®9*m*d to ba @i^ pi£Lo@nt in Hii* 
respect. CHa«r •*!&•« on Hi® ralatlvs oanoontRittot&a of 
«**i^ rioli pnoflpbnt* eomifoana* mm mth«r ineottelttrtr* 
Kutacher and 'akertsiaft (1993) aad listen* (1961) havo reported 
«* ©-4 ** 
M%% pmmzm of bi,$4ff e<TO0nt»ttoti8j of e*«ft.ti|ao p&oqpteto 
in $10 ®tfA mml®t to supply m*m& for rajaculaa* ©oat»otl©n» 
tftil* Kakano and $«iehljra < I960) » Jskaipolii j j i|&. < 1964) Mid 
& » M T j $ $&* (1966) jflound oo dis t inct ive distribution of a l # 
mmtm p^oiptiato ooapoundot tnolsdlng crefttliie urn! A*» in the 
dark m& vaito nuool^a ©X the tisii* la-.icir (1055) t on Hie 
o-thor handf reported a 111 ftisf oap®oi% of the # 2 * saiaolo 
apnUoniso the oneway rich plioaphato oo^poundo, 
fspota tbo standpoint of &4» toohiiolog^f i t w*o uovtti 
noticing Uwt tho lower o o t M t y of 5'-ojol ootids© in too 
assfe 'mucin m ooupcrod to in* vhi tc* ullh hott*o«ro¥ i i t t l o 
diffc*ftac«# &m ms ovtdonood &roa ttie pj&mnt data» could 
tMjootaij Ho t t i ng to fee aval laMli ty of >Ua? and htnoo to the 
fnant ion of iiicaino aouoMpnoopiiftto <I*t?) «§*i©h i© known to bo 
prodoccd &o a r o * l t of too action of A Hvdoacsinftsso on itoo A*ES§ 
and i s *onpo»iA^lo for tho dsjsrolopaffit of Haawaiir l a JBLab scat* 
miMAM 
fa© distr ibution oi* the aoid und alktaina phoaptiataoac 
will 5*-nucl^ti*j«ia« wia atedlaA in t&o c5ark ana wit to JU solos 
of two frooiiwetiar out* f i n e s t nasal^r* Clarlaa aa.air ana 
AtM^MaffiMlMl MM&3&M* **a pbna»toatnaaa waro found to ©a 
a«@ ©oaoontmtad in tha dai*; ^ u c l a *Mio 1ha 5*«nuclaotldaaa 
ac t iv i ty *aa *®3.atlT@ly h i ^ o r to H*# vMta iw®@io# lli#*«sr 
phc.jviv.'tnso ao t lv l t l aa in HID d&sk aua&a appease* to bo a 
, * * * § « • 
o<ms9P«im of • * * ! * • byar©ly«|» of ^o*^fimmo4stor« or 
aotetoollm of gtoMor 9Ma1l1&«« of ©swetioli^ tsa'l^ a «a4 pi*©apko» 
l ipid** l l i # « r aettvi^y of tHo Sf**siiOl.o®ti<3&8® in tho *Mto 
»*@oX®t on Hi* othor !i*»4i ni#*t to» 1fe* r tael t ^f a more 
latsiomtt control MMtaNdom of tfo« tymaA** of 
SiAL'TTK A 
&nuc ACID r . a u r a t a v,» TEI; Aii'-UiM ^foa^A*: 'A3 
;i*ffi& 
dta t ^ S I S 
phoa^hohytirolasoe, ;c 3.1.3.1.) are l:iioui to to wldoly Uotrl-
touted iii aalaol. tLuwasu .»M14M tli^ir vital sola In trio 
a«taiKsliis at m?Mi%®mtw$§ ta*el#ott&#t* o&a j^ httflghtillpld* 
C ;mamm @na noasgrg* 1955) • ^m •*• WPort«d to to invol.v«d 
la tb« liberation of n«M0Ly asn<tti«0ls«& p«st«to r^ocs the na«ei«o» 
^retain oot*pl«K ("Juntas d« 195t). 
of a&tali**# pboqpihfttftWMi vj ahaaloal gwtote»©®s 
m« iahiMtlott. 
(."optoat 195§S 
Sioem® aad ;.ldrtt_%0» 1966% .rtkaiitalaii jd $&*
 f 1G-67; •.ihom mid 
?laa3£iu, 196JH; Oiwab sua i t s t a m f 196ab' .laLcuii and A i m s a W i 
19^91 Rtddli 1969)* Aaong ^»« *n*l«*a tahlbitota uaaa# pvoatiitnt 
r o l e i a a attxllftitadl to asl*4® &et$»» 'Ilia r e p o r t s ou «»« etarao* 
upac l f la l u b l b l t i a a o f Hia a lkal l&a phespmtaa® aotlvitgr toy 
L«9&aaylal.-£klaa CM^^on ft, ^ . . 196% 1963} * and tfto speoiaa, 
avgpn m $ auVia l lu lar apaol f l a t t y ®i tUase aasp ias a s «*lae 
atoad by aaino aclrf lahlttLtica CLaaUg and &#ii<»t 1971) t tifiura 
OfrWt & d ^ n i e turn to Hi® ®M®g o f taoaaa^aa® o f a l k a l l a a 
• 9a «* 
%«# 30. fmmmtom lahltttlaa lgr various ftalno aoide 
of alkalin* phogpbatoM activity of the white 
. aatQl« (\Mt« *»*•)* A*k muscle (Black ters)> 














phosphatases and enabled His ldsat i f ioat ion of the i r Usaus 
sjouros jyp, 3&$£S* 
•Shs preoent stud^ eotablisiass Has pattern of ariiao a d d 
Inhibition of alktilia« #&os$m*ass ac t iv i ty In Hie daife mid white 
isxsels© mi • the l lv^r of two ©owm tapocioa of ftwtamttY caV 
flshoat iinnoly* Claa^laa puyg (Lian») and ffjfosgo^ftoflatss foosllia 
(SLoon*)* 
Methods follow*} for cbtaiuiii^ l ive ©psoiaens of £# l&iH 
afcS &« fQasAIia. the i r nslntMnonee i*i labomtor,/ aojoaria, and 
stapling of tLaeuest together sttto bioor.<j?iioel assays mid stetl»» 
t l ee l asprooaioa of the data tev© oeeta deeesised wider ^ rocoauro 
and Methodology* < P*M>«® 0-335 
His norml values of tno a lkal iae phoophAttso aotlvi ty 
In the datk, till to mxaelss e*i<! me l i ve r of Ciariaa ry\M? tuad 
l i H o r a m r t M i J&asiUa &**•* *#<» si*** t» *fc»i« 14 » %tiiie the 
data 014 the aot lv i ty of th i s eaeysie in His t issue eaaples 
treated %&th L«^en|lsleiiiii«t I-aethioaine, X***0laixi* and 
L-roliae havo been 0 rosso tod in Ifet&e ItT » *&§ pore outage 
aotMtj 
IxuiiMtlon of the ena/ae/ty mrlou© amiio moid® was plct tad 
In l is* j o • 
• 98 ** 
Of tho tur#9 tiSMp*® of jfc, aaaur oxid ] | , fQaalU,^ 
liivoatl'?ated t the higx««t alknline phootvjhatruio act iv i ty wao 
found to occur in tho &M& fsao&o CTa'aXe 14 ) • U±$im eo»oo&» 
tmtlsm of ]>iiosphataso3 i» the &ixfc ^suaolo la conpariacui tc trie 
wiilta !3D8 also boou topoaFtod 07 0#ata and lioxi (1965) for 
vertabmtoe, in g®ao*a3.* 
fho oJLkall&a phosphates** tvm 1&« <3nj&9 ifclt* sstoolo 
mic ltvoi- ooo&od to iwro 1&©ir OUR g&ttomo of aalno acid Inhibi-
t ion. Iu bath tho fiah 3g@cio©# tho osa^mo ac t iv i ty of the %Mta 
•aaoclo w o found to "oo gr«atLy inhitdtod % !*^«a$lL&lsi*ii»Ot 
i>-ar-^niua and l**TO3»ia«i yhile L-«otliio*ii»o had it® rnxXmrn 
of foot aa th# arisen© act iv i ty of tho <Stuffc uttgelo* fho Xiva* 
alkal ln* ?hoaphataat» tii moh case, w.ia ai thor tho laae t offootoo' 
or had a sodomto ywoponao (Table l;f ) • 
Mi tii rtmpsct to o&oh anlno «*oid§ tho ojfdo* of inhibition 
of t i i : alkallno phoaphft'taM act ivi ty of tho &u&# till to auacloB 
and l i ve r was cd i i lar in tho two opoclas of fishes* with 
L~pheci^lalaiiti-io havln ; tho gsaj&fatss affoot on tho wiito ou;^ola 
and g&aiaua on tho daxfc istselot tftilo tho l i v a r proving a 
stodoamto *aa?<*iaa» L«@otti<aiijao was obmrvoti to hava it® poafc 
liihloltor^ offoot on th« alicalias phoj^nataoe of tho dark 
aioelo tmC Xcat «m Hiat of tho i h l t o nuaolo* Hho o r i i r of 
Inhibition of aBa?»a act ivi ty of tha throo tioauo3 in tho two 
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e&Wiflhe®* by L-ar^atne mm tfcifei soaela ,, • ,/Viite mi sola —« 1T-
or. "ma pat tcoi of iniiibltitsi hy h~vn\Uie was of tho aooe order, 
fhe aactatit of tjeiayts© liibil&1l«B yris, liowover, found to be f a c i a s 
spedf lo . lit 0©% tiio ft ah apoeteii the aolootlv^ ta*§et of tho 
atiE^ne InhitAtian by LffaygLaiftna a&& L-vtillna uao th# whita a&aele. 
I n
 £* flfrffty til® effect of L-*/filiu(9 -waa ae*e proaouaoee: than that 
of 1,-ar^Lnino wtille in n. fo»slXta Hi® saquenos of inhibition wao 
las t tho referee* th i a tim&ene^ of differential lahit&tiea »y 
M.tfmmt ms&m atAd* wao alao found to ©e valid for each of 1ha 
other tlaauaa amalnee; (*"nblo I:/ >• With most of Itie ©mine aalae* 
the? pcroaita :o of im iMt lou of the &i*fe raioolo a lka l iM pheopha* 
taae vna observed to e« clone* to Usat of the l i ve r tiiaii to ^sat 
of fee **iite taaaele ( f i g . 30 ) • ^»« preeeat ooaevmtioa pxwidea 
f&rther attpyof* to Hie biocAoolcal arid ph^eiologieal a f f in i t i es 
reported betwMK the <3ari: autacl* and the l l vo r (Bf&efeke»t 19561 
•fort «t ®X*t 19f6f ?at4hl,yft ase" iMULt 19601 I3RP0t% 1961 f 
wittanoorsor and Croat 1951; ii&oa, 1963a), adding to fee vnlidl V 
of Hit oo-oBlled ' l i v e r concept' of the aark g&taele in Hah* 
"lie apociftolt./ of a-liio acid laft l t t t ton of fee alkaline 
phoaphataee ac t iv i ty of fee daricf uhlte nneelee and fee l ive? 
vno atudiad in £ , gjaamf and ||« JSH^UlJ* ^ a p©tte»i of etiino 
acid inhiMUcm of fee eftsy^e aoti%-lty *a.» tlaauo apaoifl©# 
feo»#i fee tondoucy of clfformitifll inhibit ion of fee oftssyae 
- * X > • 
sctivit / Hj c'dff«T«it aatno aoida was opooioa-spool fie, ^a 
tafead of -tie iaiiMtlon of sOtoli&e phosphatase activity of a 
particular tioouo of a at?$ot#9 % L«»ph«*ylaXajii&*» i.^ ao-fciionlno, 
l<-or^.nlii0 and iiww&Xiii* also 09t*3«jd cpaoKlo for 1bat vary 
tlsaua of that v*rj aL>aoi«3« 
CHAP*.31 U 
Bff.Xf 6f <*0.>Cti~AR KGTmn CXi « 3 CA&M2l*IttAt4 t»AB0I*I$l 1$ 
Allliotigh ^ia cha^ JSssa 1& @om$ cheoic&l M&atlttttnte of 
flab t&o«MNi la *«l**tla» to mmtiM* mlM.t$ &ava &#«a #oi»©#t*a 
by raany invest igator a in tb© past (Halortanit 1957i :U©«fe jaJ &•# 
I960, f9£2# 1966 J noan ©Hi Goo(iil^;-tf 19&4. ««a t§ 1965 s t<ivaia 
and Blaok, 19661 3«a'3lgti» 1968) feu** att*ap%s* soon to have fe««a 
aado to furnisft a co-rpai-attv© account of thd djWvalcs of 
aotfibollo ac t iv i ty i a tbo 4&lfe aad wfilte auaoloa <%*ltt«ib*nger 
oiid laoiue , 19651 3oa»t 19661 ftraaer j | i & » » 1966)* The 
proootat «tu4y mn usidorlakofc to iiivetstligEit* th* pattern of 
l « * H a t o ohaiigei* l a tit® e&rbohydxnts aotaboliaa in th« darfc, 
%felte ausclaa and H*«s l i ve* of gLaalaa zyi^nr 04J3U#)* *Bi# 
altoratiQao l a Mood i w o l o of pynw&to aod lac ta te h&vo aloft 
boom estimated %d$% $i viau to oluoiaato tho lore l of *mmom 
lactate* and i t s l v l i c a t i a i i s in flab pfcysloX©$af# 
Jothods followed for on^tariivit MMlagt 9x<3roirA^» tho 
l i ve oi>aoia^ia of F a r i a s ]»$&£» *w»plliiB of t ioataa and blood, 
*» fOt ** 
fl#» 31* Ghangta la Hm l&yMgi&i pyisroata and lactate 
l«rela la tfa« *ilt« oatoXt Airing octroi 3« 
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OheaioRl anftlyaos, «&& <#iautltattvo iat«f$*at&ttoa of Hi* 
<5ata havo b#*n preaotitod under •pjpooo&ire and lothodology* 
(pagos 9*53)• 
I , 0Xtf€O0'$t ?¥!H¥Jlf3 MI '• LftCfAf3 CXgiCJiTHAfXGttS 0? 1U:: tfllf3 
Uia roatln valoo of uhlta 3Jjela gXjrcogoa <3&6»300 0,5/ 
100 g) wi& subjoct t® dmstlo ctamnoa ia the eotirs© of ausKMlar 
activity. *%* broakdowi of giyccN^*i observed with Ht« inltlatloii 
of saaaaul&r activity ccaitiraiod wtt3i Hi* period of oxqapeiao 
(^fcle .^G # &6»3J. ) 1» th« a » t » t ttsat V 1S*@ «&£ of 20 a£s»t*s 
i t Had « 0 1 « A to 71.400 ag/tOO & a A«eXiii« of ?1*a643 t ie* «*« 
pvavaxasalaa lfiiral* 
i^@ pynmite eontaut of tho *4iit« nuaaXa* ifeloH %&« 
1*141 sg/lOO g in 1&« yaatisg condition aaaaad to siso vilh the 
duratioii of osaroiao* raaahiii,; tho panic t#v«l (4«439 a$/tf50 g) 
after 10 sstantn© and daoltBtug gm&Milly toavaftftafii thaugi i t 
&L& not r>m©& tha uriGxarciaoa l#ral (Tat&a 16 § JPlj» 51 ) • 
PWHJ a vaattag *al»a of ?0#660 ag/iOO a, ttio l&ot&ta 
I aval of the vhito juocle nppo^rod to rla* at8*i<illy uitii 1fe# 
perio*l o, oxaroico. A diarp iiiofsaao* wa% hovaravt aridant 
aftar 10 otnttaat Just t&att to a pyruvate XwtiL ®t&rfc«& daolifiin^ 
ftpoa aa o i l tiao big* ( fe t la 16" • #ig» j L ) • 
fig. 12, Gbmm* i& 1**« &J*ef«*• »y»wa*# and lactat* 
l«r«ls la «*• itate sweole during «3c«roi«« 
(oirclas x*«prt»*it a m i vtrtloal lin*« 
4-30|- 410 
J. IZOf- E 2.501 
30k 0.701 
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i i . ®u®o®m9 FXWV.VWB mi> LAC?A*8 xsomwmaBs c? HI* mm 
In ooutmat to tho whit* s»a$i## to A ^jooam oonc«itira-
tioa In the fork mool* wi® found to tmilesgo voiv l i t t l a ohazage 
Aiiiac the ncmvae of nwscular activity • i&&& a rojittae *&!»• 
of 333.4B3 ag/l00 g* 1h« datfc rauaels $1/0© ;«i &«©litt#<S i>y osaly 
11.554." duixlng tho 20 ulsmtos of wnamlm (M9L« i'7 » 9ls* 3% )• 
Ihe ^yr-tvnte ooncontmtlcai lu tha &u(k aaooXo wia only 
0*903 ag/100 g liartiv; 1h@ »asttag et&&*» h^o vnlua aetfiod to 
eltjvmto In the fivet 10 niiaitos of rjuaoCar activity nne# 
thowaftttT, I t atarttd subsiding gm::feaU #^ 1NK#I i t Sid not 
attain itoo pra-osorciao le?$il CariA* 17 • -r*8* 3^ ) . 
In t&# reottiie £tsfat tho lactate ccuoentretleii in the 
ftufc quad© (61,605 sg/lOO e) » * observe to liicroftso #raaoally 
wl«i tiie ^rattcs* of swseulajf activity* A otmp fiso In **• 
value o#omett to ooojr as tho pirlol of <axoroig« wis «Et«i&«ft 
boyoni 10 nLzaitaa* By tha aid of 20 adUait«% 1&» leotftte l«r«l 
in the folic auselo had sieatt to 175,360 ing/lOO g f Table 17 • 
i^LiU H ) • 
I I I * tfHJVAfJ AtO LACTATE S^ *?iHu 5 0# fcfrf SBUCOQw 
la tb« roottoc ^ * Iho Krstmtt l*r«& to th® blood tas 
0.308 a^ /lOG E&* ^ i o vain a oflnttmtd to KIM %&tk 4h« period 
of exsroia* t i l l s pesfe lw«l of 0.433 m/fOQ all w*s attrtln«6t 
I£g» 53# Changes fa the blood l«r«ls of pyiwrata 
and lactate Airlm; axardaa. 
0 6 0 
0 5 0 
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attar tfclch a doolteo was m%9$+ At ttia «i<2 of 3D oixiutoe of 
tai ocular ©otivit^ <tso alood pyxuvmto omoootxmtion wia d.308 ag/ 
10© i& (Tool® ]_8 # H&*y} >* 
i«j©3 n 'will*® of 13*455 ag/100 al la the vuaoxarol oad 
oon&tloA H*t looteto aojMMBtml&on in f i t blood oojpn to rlso 
a-.; the flail w&a osarotaaa* 2*o stmgpi«&© with uttl^i Hit l&ood 
l*>c*nto lovol Increases of tor 10 ouaitoo %»© a pattern gta&lwr 
to that in ttia QROOXOO* *ft«r 20 adiatt«o of oxoxoloo ^i« 
l&eiBto oouotntntlon In the blood r*&c3h#& a levol aa M#* a® 
3?. 290 r^/100 m . ^ ^ | a , $!©> » ) • 
IV. GUCCG 13, PIAU'WS AlT5 LAC7AT5 CCiC.&ra.VttU^ C«l -f;»3 &XV3R* 
In the* 'ooufoe of j*roo4at stu<^# ttoo i^ Lyocv^ n coaooatsotlon 
of tfto l iver «lia not ««a* to follow say ngolor petttm AirlAg 
oxaroiae. i^ yoa © vctluo of 974*666 sag/t©0 g 1» 1fo® roetlBg oo»» 
-ntlari tiiQ l ivar glyaoga* wa® found to MLlao w*i«n tho iiw woo 
exercised for 5 aftiiutoo* Iho oonfta&tiatton uoaaod to tlao «Mft 
tha period of jstfrelof! *»© «xt«id«& to 10 nlantoa* B«yox&4 trili 
period, howovort UHI ^lyoogoa oontont of $*o l ivor continued to 
fall* y#Mhing a valus of 6$2*a66 ng/ioo a \t$ tbo *ul of 
35 edotttoo of oatofoioo {ftlSLo \R $ Ha* 34 >* 
•Jho eouooatmtloxi of pyxmmto la tbo l lvor vmiiod within 
a narrow mngo darlas His gaatiaro period of axarcis*. In 1fco 
uaasarclaort at&te, tho l lvar yymvate oontgat was 0.500 ag/100 g. 
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th i s valuo eaaHnaod t© Vim ^itst 1fta doxfttios* of macular 
activity, attaining a poetfc Xmtfk of 0*6$B sa/fOO g % tiio *&& 
of 10 -minutes* Contiauaticm of macular aetivitsf aftwr «sl« 
period w&s oimmotorlaod % a gsaawa dtjeroaa* ia tho Xlvor 
pyruvate* foyasts €io end of 30 aftattw of oaoaroiao th« valuoo 
vere fOuM to hs^o dooiiaed to 0.316 a^tOO Q C f^tlftt 1^ • »«•>/ >• 
fho la©*tato cotitait o$ tiia i ivor, taoia a aro*tiag valuo 
of 15.615 OC;/10C g nitpouMA' to s lot wiHi fe« inoro&eo ia Hit 
poxioa of ofRoit&oo* A laval of 32*290 a g / W g was fa&#i#a 
viitSi Hi*§ aa»ti<m of oisovoioo «&o axt**ide<3 to &« raucii as 30 ttti*» 
«t»a (5Wfto|£( # ^5*34 «^ 
Joasewdi as tho aolaooii ® of yietoUi aa4 fat i s ©no®*tioliy 
& alow pfooooo* 4Ljrool/4Lo l a the pflqpoaAmnt actetooiHe ph«iM#» 
aca In mo feofly to nsoot tho eoatlngaat ooofgy *oqpi*<§&#&ts of 
lncraftsea famooulay activity* A® **i<S*ttt t*m t to eontinifina 
doollno tlurln tfco porloa of exoraioof tft® whits » o o l « ^lyoogao 
ooossod to 00 15.1 e no at aatfUy u ti l isabla source of a***s^ 2f* 
COKaiaorr-bla iloa i» 13%® laotsto lovela in -the whit a ouaclo 
ckirin,: raj scalar activity ftsythor auppovtod thta view. 3h« 
parioc of oxorcisa aiic^i brought about a omgl&ogal&a delat ion 
of vhito ouaola ^lyoo^oa producod l i t t l e afr**u^ a t» fa«
 t^ .ycQg«ti 
couWit of 1t»o d&ife ouooXot y**t oil auor^oua i^exoaas in i t s 
laotato o©at«at ladiaatod %mt muh oarkoh^&wit* 'mm la ihftt ©««a 
- x& «• 
setftt>eUa*a thoro* I t *»«*• ttievtfttr** gvf&tfit Hmt tho aatk 
rand© waa ©aptiM© of sraa(sfatfc8*lBt»6 $ i y e * i « vary rapidly, 
•She anount of g^eogaa doplatod la t i l a t l aa t* Aiiftag aiaoular 
a c t i v i t y a$»rt#& w i l f u l Aim; s t a v«K5y f&st i&t* 90 * » t a t 
1h« «id of iho tm®e&m ^sriosl m® p#re#its&« #f full in Hi« 
;2,?0A5*t laval of tfea <tes& 33»©l<t wa® sa&atlireXy v®ry « H O I « S 
Gospaatd t© tottt of fee Wtiit« mac&o. A oovctiUftxy t© t h i s £ki*» 
tag was appaiont l a tho «RS&l«r &1te^r9»tic»a of ftltt4nbfaR9HP 
ana Undue < 1965) <n i J a H O I flMB&ft* 
Tin fiPiyeog*! ootitoat of lh» Xlv«r ^& not mm to Sell&w 
tm& definite pattern of var ta t laa &iri&# H*<* oour*» of 3D niuut#« 
of ««wsis#« SQUtdt j& J&P (1962) ale® ftwtad too i r m p l a r a 
pattern l a the l i v e r £1 yeoman 1 ovale of ^ l y g flnHrtMBft to draw 
ao^ conclU3ite.3 as to ih& 5JU"1IIOS;IO« of ^augcalar stroma. ova 
C1970) | while asking a gatieml ravi«w of th« 11 ts rsui re en th« 
aafcjaett oeneuEittd that th«* l lvor , which l a t^ic ehl*f otoraheua* 
of i&yoosmt i a taut l i t t l e d«plotod oj tiisj period to uiioa tii« 
flab ya© ®»®»©i®©& &t«k&g Hia pvtMRt «scp«a?teasit« La » « « oasea, 
!io%»#r«rt t&o l l v« r gLyoag«a fi&o fc@« mportoA to InoN*** 
ua&ouotoil/t t b r e u # ttih~to*fi«fe variat ion. iHlXor j& &» < 1999) 
observed that the r«Aiotiaii In Hie Uv«r £yao$«i of jgtygi 
f^ rtflHffifrfl ua@ terougit about only tfcen Hit flafe *&$ aft** to mtim 
for 34 rioura inettftd of 15 uteate® or ao, G& the toela »? t&« 
r e m i t s olitfti;iQ(] -\!riri-T iha pr&ami% a t a # I t wy bo concluded 
1&at filyoogflu lo u t i l i s ed aapl&Ly a t 1he s i t e of anargy m o i r e * 
aeat* tti« Tueclaa. *ad ecnO.fl bo r e p l a c e 1&ere only by a 
Jig. 35. m« l*rdL of *«x£«a* lactate In -the blood 
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r^lattvel^ alow aoMllaatloa ia fe« livnw 
tangt quantltiea of Xaatftt* te tuitlia. iacrga3« In Hit 
pyxmmt© l«r<8. dirtn.:', tha #a3&f < first 10 rUisut*»} period of 
moTdm a»& i t s £aclino thereftftar* J&at «h*ei t:io laotsto 
l«ir«flL %ms an lh« ft®# (&«»» H^2- >§ ia$l®at#& t© «i# ©«r«#» 
sio-i OJ? ,-yiu-mt® Into laetftta* 
An fee gfLy«oa«k isgf&^Hm Rising «M*«1M @o«t$r*& 
la tfw Tuaolaat ^m
 {</isrm%# and laotfito war* not proAioed in 
Hia blood tt«*t£ iMt wors rolo&aed tot© i t froa «** -macular 
tioauoo* Con.:i«quc!Kitly# the blcod 1*N3U Q£ th«s© ia<jtnbolitco 
snooted tsi-jir WKtcMELtmtiQns In 1h« s»g»@0U tlsusst* kttem 
Attaining a peok mXt*# at 10 sslmitaa til® porsumt* XmA la $10 
'olood b*#\u to aMiat* yil lo tn.« lactate coiitirm^ to aocusu-
lmt## 9h@ persistence of ©®asl<i®ml&# <p®»1itl®s «tf l«ctat« 
irx Hi@ blood M«M& to t»® &*# to ttia low l«val ©£ ttsaa# @a2f$*» 
nation* as waa ©xpoct l^ fixing s^era exes-oiia, waft flag in ft 
h\§\ mtle <s£ MA%Ha t» HATW tttls «»« «a« oc nam $mi®m %&i«h 
v&@ teami to dotamins tfio Xnctnt« l«r*l» <&© Isustata 00 £&XR*d 
in vji'ceGCJ of th« ts®ap«iM in oynnmta oo?ic«atmtioii waa t*m«i 
th* *®mm® lactate*. fh« ts®«@® lactat® aattt&au*A to An* as 
tiio pa*io<t of «#I?Q!S« w&« iucre&3«»<S bgyoud 10 aiiaitoe C^ aM,* 10 # 
*ia» 3*)' )# «»& <**© tinaio «te^g«atl<s» w*iii#& iA4»££i«t#it t© 
«• tos • 
pxwite for it® a#«oM© ©itoation te outban d&ojdda ami i ta 
olirai.iatlciii tbieagi tho gttlt* »ai1ii«3% as fee Aetata ccnoa*. 
tsation i s mpevtas to iapai* with fea os^jp^aoaMMnf pon«r 
of luacoojioMi; to flan blood (BadienaiaeMt 193S} Saeanfet* 1950! 
Hlaeki t/3Q)# I t $ai#t imm an ad^tdvo effeftt on feo anaerobic 
iijeooeoaeis nlroG-V going on ia toa %o4p» loading ftiyfear to ft 
riae in fee level of exaeas lactate 
eihatevar l i t t l e iuojpeate in fee levels of -yruvato ana 
Xnotato occurred in fea liver or & j i^yt da*SA<i fee ccurae of 
of 3D aim tea of axercioo seemed d»e to fe# tws*ep«#t of feeee 
ataoafenea© fefoaj* fea blood, The paeanim* data* he^ereft provided 
mo clue® ®@ to Violr cawxtwAtm into ilyoofsan in Hi® hepatio 
tisett@a* 
jnstAiar 
An attempt in i»d* to ••t&tftldti fee pattern of oajfce* 
hydmte a*tftbotUat to a fswfoAts* ornVftA^CftfyftM ap^ny* i s 
xelatlon to maot&i&r actttity* "Sesept it? fea eaneidaftftti* 
di opart tsr oaeevred In 1ho gftreogoi level a of fe# p*e» and post 
asawpetna eonditlansf fe® turnover of fea pyswmte and laateta 
y&e found to follow a elallay pattern in fea $a* ano ^Mta 
sncsolaa* the m&atiTely l i t t l e c;mrige to the d&jfe smaala ^.yee* 
gen waa attainted to lta teniae* *eaimfe«ia« JSieod levels of 
I^mimte an$ laotate «eJ?e a vsftaotion of fee o^agoa i s fee 
0csi©«*t»fttl<m@ of these metabolites in fee Medea*, * hi($i ratio 
<* | 0 9 «• 
o f ?*AD»H£ ^ ° ! l i1} ®®<®$^  *® WMBlt to «*st aecttaiXftl&aa of 
*n«t qpftntttlvB of laotftts in «m bloort, *ho iavol of ssooaa 
lactate ©«iti«i@A to riae ntHi tha f>@*t©4 of oxoxeiss. Sissa^® 
ia tb« liv«* dpL/eogm in w0,a1d«m -I® aBanOar aot&vltgr v©r& 
7AA , MX 
STJ: c l e a n s r ; n : CA33fc«xsuf a &&ABGU$I w (frtgcflttiiLU.s 
JffiuTjT^ I3wCai IK &9bA9XU? *K :3JGCUL.\» AC3VM 
Xfltaoweotoi 
In «uWitlcBi to cousdUomlsio llteiBtuyg ou tbo affoet 
of rwaoulsr fccttrtttf tai tha $tiyaiolo$ioal rmd Moch epical 
prooeaeoo in Hi« akolat*! rwaole aass» in amoral, ovia«wioo 
<3istl»tpi «**!»& Hi© eha»jtoo ooourrln/t bottfoofi tho aajk and Wiito 
TU jcloa w*re &ln© otttA in Hit prprloti® cbsptoeb Q10 p*oo«it 
ntu^t bs9id*a doaori ;jtaj m« aynanioo of tb« change in 1ft« 
various aetabolitjs of th« uhlto tauoclo » danla %dih the a*t*» 
boll® ah&r*$©n in tho llvoTt <fio smin s i te for *Xyco^«i stom#t» 
la soapotiot to a» scalar activity in SatAMMtoa fifflgHllRa S*«A. 
~hi:-. a^ooloa VJBO yroforrod ooostaoo th© proportion of <Sw& rwaol*t 
relative to that of tho waits l o eztrenaly osgf&ll and tho total 
qpa&tit/ of g&yeogoa stoned In i t would bo 90 l i t t l e that i t 
could hardly IKS aG«t,?i<J€t imy aajor rolo in tfcc phyolologloal 
aaehatilaB &»*taf aaaonlar activity* ®*o diaagoa i» tho pyiuvlc 
and lact ic aaldo o* m« Ulood ««ro alao otudlsd idtb a viov to 
alftbowttt th# fftyalc&eglotl algal 21 oaac« of tfea axoroloo-inaaooe 
o l tasat lms in m® blood l<gr«&a of *oxooos laotate** 
<•*• f t - ; "* 
fig, 56* Changes in 1h« L^yoogeni pyiuvLo and lactte 
acdda in Hie vihita madia of £* ramatafria 
dazing axerdaa (Hesisental line* rapraaant 
•^ a^^^H *^* • ~ ^a™ w*a^ ^^ i^afr a N a * a ^ w *a^pjaFw*^Hi^ i^ aw w ap^wa*aijjWf ^^••^a 
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oxaroialsig thaw ans ias^liu^ of thaix t&saaaa ®&$ oloo4 a* wall 
a® t-ia otwsf oal aaalyooa were Hi* an&o as docrlbod w&n» 
*?*oo«ft»at aad tl#too4olddy4 (pat>'es 9 • 35 U **Ssa e&a»€#a 
in 1&« 1 orala of «*a ohoatoal oomtttlfeioata in ftalftttfln to 
» 
au ocular activity war© tooted for atattsHonl aA i^incmio<j lay 
otadsata* Vtaat* 
ai«fooa*i? /un ,*wvte AW? iiefxc »CT»J 1?: f«3 wirt 1 if?aa^ 
13ao £y*oa«i content oi" tho white wiac&« in tho tmox*** 
ciaod ©anal tl on of £« gfrtrta,^ was racordot to ea 170.708 tag/ 
100 > "Me VRIUQ contiauafi to doolixia uHfe 1h© p trio a of 
oy.aroioe> . and ^ t&»* «no of 10 fatwitaa a s&gal&oa&t 
(r / 0.01) fell of aooat TT^a-aaiattrt <1aS&a 2.1
 t 31,5.36 )* 
*%« p f^uvt© a©Mf fvoa a malao of 1#94t ftVlOO g in tha 
Mating oonditl^n of th« tight &al»tali**& a atoa<2y rtao &*i*a$ 
the first 10 -aiiiutoo of -susatilar activity* t i l l I t a t ta int a 
vnlaa of 3,2?^ ag/lOO g« M s tsevaaaa me a&ipililoaat at 10< 
laral of pfotaitotLilgr* Attar 10 ssftixito* anwava t&# larat of 
pyatvla aoio" eoatUsitA to ctao3.ii*a» vaaohtiig a mil*© of 2. TOO « ^ 
100 /i by tho anuS or 30 oliiitaa of ama$3iaa (falsi© 2.1
 t £-141,36 ) • 
fig* 57* Change* in the blood 1 ovals of pyruvic and 
lactic acids in £• WMMKIW <***!»« oxarciae 
(Horioantal linos rcprooont moant vertical 
linos roprooont rtuigo and vertical l»ra 
. indicate standard ox-ror). 
r 
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fig, 58, Changaa la the m*od l«rels of *«xet»t lactate* 
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#rcw a roattox? XmA of 80«QSt *fl/*>0 g» the coaic at tarn tl on 
of lactic* acid Ux the wrdto mt@3l* luoreftssd ipnadiuilly On ring 
tha firs-fe 10 sHasataisi of &xo£Gim9 tilila iu HI® &»0oa*&l£ig oa>i*4 
1**o value oagnn to xlaa mtfear «ba*ply« ft (Agsiftenat <i^ 0»01) 
rlaa te 217.7to no/TOO g una o&aawad %#n@u tfe© orf-od of axan&aa 
* M * J S * e i o « WflS QXt*ld«d tO ^ fillmite# <3totA« H # fi$m 3& }« 
sVe® a ?y#»axa*Qia« !«?«& of 0»9$3 mt/fOO it! the ooaaaatu* 
tlon of pywvlc add Inaraaaad *daillaantly (p < O.tTO to a value 
of 1.400 ag/100 tal a»% tharoafter* ths larsl «tart«d dooltnlng» 
thou£i did uot warn ttia vm^arolaod atata C*Ba^ @ 12.
 f fig. 3 7 ) . 
'lie- lactic tuftd ooooastsatieii of tiio bloo: vhlab wae 
20.576 a;/100 oL iu tiao vtatlng state atart&& iM&tm&Lm imtoallf 
(iirlii-: the first 10 minute® of niDoular aot&vity jut took ft aha*? 
turn <&OB tho yorlod of asanoiire \»s furrier ort«iidod, *?fca otmo«*-
tmtltm ®a«aa& to h«va tlaaa j&^iilo&ntly (? <^  .%0f) by tho oloaa 
of 20 ssiraitea of raMalar nativity ffet&e n
 t Htu 37 )• 
"ha vtiflCL tnornaaa in tha feloo® l<m»l of asreasa l&at&ta 
Airbus tha first tO *3ira*taa of exord&e gava tha yay to a vexy 
afesupt iaaroaao in tho aa©8a*p*it porlocl ajid this ©onttnaad with 
th© asntlon of axaralaa (fata® Z3 • *l3» 3*? ) • Attar 30 iat*s»taa» 
tlio oxO0;fl lactate laer&iaad to about ai*»fold of Ita l«nr*l In 
tha early ata&a of axarolaa* 
«Lg» 59. Changes in the gLyeogant pyxuvic and laotlo 
adds in Hha Uvea: of £. mumta-ina daring 
axarol aa (Horiaontal lint* rapreamt naans 
vertical Unas xapraaant ranga and vartieal 
bara lndlcata standard arror). 
Z.TOr SBOr 
GLYCOGEN 
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Fsposi a rottta: "wan® of 53%3X> ag/lOO & vo*y l i t t l e 
fltmsige ©#«!»«£ to oooay In tho llrar dtyeogpa oontaeit of 
£* ffiflftrt*%» in tho first 0 r.ttnat<*o of nugoular activity. t»t» 
tvier«aft«r» fh« iftXu« declined <p <^  O.Q5) to 469.200 3£/lOO & 
a fttll of about 12- f*»m it® p*»»«%ei«iB0 lo?ol (TWA* 24 . FI&39 >• 
!h« r©otJUvi value of l iver pymvio aoia waa 1*250 og/100 g. 
Tiii© vnlue g»&wtlly iitf»r«&3#d (i? < 0.01) to 2*30 a^KX) g afto* 
1h« l is* waa sxorolaed for 10 nlmttoa. i'aoloaiptioia of trie period 
of macular aotlvlty waa, how#r«r# oharact orlaod t)y a dodiiie %& 
fbo pymvlo aoltl ooatontt thcu$i i t did aot attain ttio p*©» 
oasosoi^ o lawaL Cfel&* 2.4 « n ^ 39 ) . 
1S*o pro»os#*llf»o 1 « A of l iver laotlo acid (49.06? ^ 1 0 0 ,.' 
iucr*fta#<3 alowlj aasiaj U10 first 10 ntuutttB of exercise but 
aesice&V la tho aus-oeqaattt p#xio^ A lovol of 111.000 &g/l00 g 
w&a *©**»& to hov« jf«R©ho& v&ga tbo OumtlaB of exorcise %®Q 
«Kt«-4#& t® 3D siiaitos <*!Vil4oZ^
 f *i«j» 39 ) . Thig M ai.-pift* 
eaatlr hlt-fier (1 <^  o»oi) HMKK tti© reetiag lore!. 
ja-aco'iaKOK 
:3aoetfl&r activity i s kao*i to fce one of 1&e intrinsic 
oodlflere of Qftsfeeftydinte aatRfeollaa in the I»c3y. ?a© klnotioa 
of ttio aotsabolic eftmam* am be readily mmmToti during tfoe 
p#rioa of perforaeBoe by fifeee* of Hi® strenuous exerelee* wfiere 
cr ' .: J i s 1*14 oil ttm taon slant otata XRthor than tha atoaciy 
atato lov&o of motabolitoa* 
OoiiaiOorablo d«pl«tlou of uhlto auoolo $^oog«i# togotbor 
with an liB2to&*® iuoraea© in tfco lactic ttoKS cocic^ntmtiaa, ya* 
tfvi3«my tivj raailt of Us® ^tUiaatioa of the talk of the 
oiu&ehyasftt* in this tlsauo. %9 iaotic acid/jlyoo^gn. rotio» 
*£*!©& to r»gard«d
 ft8 a $o&#t*t of oax-faohydroto nto&Uizatlcai 
auriG j oxote&oft (-Jlaati., 19^ 2) w&3 03 aigi ao 5*536 as ooayarod 
to that i s e-4io* teleo stoma opooio* <£# ja$U$* teviag couaplouoce 
p*©po*tioa of aaik :-»fjol«» wheru i t %«» 3,555* after the saza* 
sot* 06 of oxorcdeo <30 fiimtoo)* Airtha»» fii<3 ,*lyco ;ou eoatoat 
of Us® Hv«ft tfiieh <ML* not s*ara to follow aaj nosjalar pattom 
of &m%m feting the ocwroo of 20 rsjUjutoo of zaiooalar activity la 
it* &HX» *&* found to daoH*** in 0, mnaM&fr Oovioitoiy# <H« 
to tbo ftfeetloii of d&ik »®@1« t&@ ostabolic ttotpiroaoats of 
ineroaaad oeuocular activity o^ff* sot «*t tho axyaaso of tho 
-lyoogw ©oataats of tfco white aioolo and iho Xlvor, parti oulatly 
of the toittor. 
As in omoo of £• m^Xt 1&* procooa of £ycolytslo in 
&• i31i&j&&fit featoil moosOa* stroao followed tho'3*b&n»tfagr«rtioft» 
a^tta*©* < '!£?> pn«iwa^ » w&lch r«s»itod la Hi« £©s»tio» of lASfa 
qptatltlo* of lactic acid through th0 intomodiato otego of 
\yy&iviQ so ld* 
•9io puttom of mmm<&? of th« mrtooo saataboiitoB relatoa 
to Hit imrlouc tiao»pofi©ao of oxofeiao was ©loo otjriLkiag&jr otailor 
m t | 5 «•» 
ill -^9 two gpoeioo @f ricii iavoati jatadj n\o f i ra t 10 nlnutoo 
of 'auaoular act ivi ty ware etmmototlsod try mi ©biupt r t a s in tho 
l#r*l of pysnvio aoid tfcllo tho gaoooepottt parlod wtt@ Gsaooiatod 
witft a ipraAwa doolt^o in tho canoentratian of thto metooolita* 
oaS a r©oii>rooal in&rmm in 1ho Xosrol of l ac t i c acid* indiootiag 
1bat coavarnion or pir*n*to acid in to l a c t i c aoid .mo atartod % 
luaiouoh as *i« fossntAos* of p y w i o aad l ac t i c act do in 
*""i3 ouoelta vtiC followed a/ tlivAr sola&ae into His blood atroaa, 
tho oltorotictie in tho t&ood l«r«l« of t^ooo ooiistituaotg y«floo* 
tod eo»POfi|Jondi»$ ebaug** t& thoir oo&oaatratioiio in Uia isuacloB* 
:«iOo» 1h© pyruvic acid oo&toot of th® blood* af tor 6ttaiftija& 
tha paok v»Iuo ty Hie <«&& of 10 s&aatttoat oo#m to &»&£&&•» yhila 
«t« l ec t io acid otortod aceunsaa t in ; . Hie proau a t i on of l ac t i c 
aoid hao &o«a knowi to daoo&d on tha concentration of pyruvic sold 
•ad the iRtio o t UA^Hj to Mif ond olaoo 1ft® t s » o f o w i t i « a of 
fl \%&2 * a*° '-IAT? hlfcd ^ ® ^ *&$»*&•& to bo a voiy afce* pi»o«9®t tho 
m t i o t i r ^ H g / t o oould $o oa lnavor.aftns with His poftod of aaooular 
activity* U&dor Hi® oondlt&a&Q of os^goa AofiduaiflQr* ms thoy 
#swnl i terta*; $&o oou**# nZ ai&aul&a? aot&vl^t th* «$iaatit3r of 
Ir>otde a d u fossae^ io <mmm® or t t a iijoswn© ia tn^ > lavui of 
pynnlc sicidf sad #^ia^ntl^ &it> to tfo# hitfi volao of lUXSwIigAUB* 
*as tomod tbs e*eoa® loot&to Oiuciia'joa, 1950) • m# hlgi l$volo 
of Xne-tlc ;cid wil<& « a r t ttio&r Inhibitory ofloot on tfco circula-
tory «f£Ud«aoor ox th« fiffe blood < JuddoGtorockt 1933} ocon&it» 
• 116 m 
19^0; JX&ofc# 1950) l«tA to & ^ « r ftoaawXatioa of ossoosso 
l ac t a t e . 
ffca l4s*# in tfeo X«W&ft of pyxuvto and Xaotio acid a l a 
th© liYer of &• nmn%ta« t&tfc t&© <**i«*icm of onaailav aet lvUp 
could part ly h® & • to Hi* trmiuport of tiiese aubotaaooe tt*xoti#i 
th« bloo4 «wd partly to tt*# aotwiX aottUlsfttlOA of gtyoossB 
th*ro. fb« p r o s i t atuttyi how«var, aid riot l*id aay aup^ort 
aa to tha oaECT&aloa of 1n#so aeteboXitos ta to ,£.jcc.joa i a tfce 
Xiv«r« 
^IO puttfni of iasodiato ctiaii$08 in tiio o&rtoohjdr&to sotfe* 
o©Xi» y&o *toai«d aisian tsiaaulft* ac t iv i ty to %alidM*<#M4lft 
^r^otrtliAB Bloeh. *^o gLyoolytle ptttitaar %no tmm& to foiXov «** 
» - oBhone* Xn t h i s spool «s§ %&®r* 1&© pyepojrtioa of a&ifc 
mioolo wno hl&ily **<&©©&» tfe® metaboXte sotpi^aaaat© of iaotfoftnoe: 
satseuXar ac t iv i ty ®««so4 to ©« not olitofXy ft* ^ « asspa&oo of whtte 
TJSOIO ayco;oti, thorny a XittX© dopX&tloa of l iver i ^ e o ^ R did 
ooctt«w 'Sho fas ia t ioas ii& tho liloo4 X«RT«X«I of pyaivlo aaa Xaotto 
acid:.: ao^ioS a direct oauotqpme* of oha&ejoa in t&ooa aeta&oXltoo 
In t2io aaooio. i ro . c a p t i o n ©*" 1&@ ported of JomouXar act ivi ty 
won ©iamotoxiaod ^/ a «to»ty iJicroG^ i s ths lor/ol of 'o^ooae 
lactate*• 
aiju^Mt a n 
mcLMc A&3 mrnmrm. w mn UM MI^> \mta ii&oa£j OP TOC SP XXSJ 
OF CMI'St I^f f ^ l ^ E <HM«) «D yKI??Xff3 .jffiflflft (HAJI.) 
'mrndi i t iu svi&s»t froo «io oavtral do#» of nol ocular 
Mology to*t tsuclalc aoide play od^iifiocuit roles in tho 
orjanlsatlon 0$ definite patt**»a of nmrtf* a&d aotaboliau 
Itmmtp the ojnthfraie of ^?aolilo ^rototnst l i t t l e infogaat&oti 
exists oa tho a^asHoa of "feoir tumors in fish tlsoioe Airing 
tho procooo of .jrowth. d i n chapter provisos a eoqpamttv* 
aooouiit of riboae tmolaia aold <HJA> and dooxyriboso auclalo 
add (314) coaoaitmttona in the tak ana white iiuoolos and 
tttoly ohaa^ao a^xin/i &r©«1k ia ihe p***a»«i£l% phaat of two 
t*laoat«eii spadost iiaaaly, La^ <ao aalba^ (Ilea.) ond Puutltifl 
JBSaaa <BM»)» B^MI »«** iiifoxtmticno (jaorijod from tho praiwttt 
stucUee hsvo been int«rproto<3 in Uic l i ^ t of Hie cuiatoaloal 
and physiological character! atics of the two t^otj of auaclos. 
8AT3RI«.a AH!) USRlOTfc 
H«m©to for tb« piwasvunt of fisi* gpoGlaaiia of gjUwt 
Xm^is* ss»isel« aeaplln ^ MIA and 3*A dotemiuotion a$i<S for tho 
stfitlotioal aLucl^ticyi of tho art* wore Hi© aaae as slvaa under 
•PttooG&ai?© and iia-tio&oiofflf* (pages 
- 117-
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BaSWLfS 
Una values of WA am SBA la tha dan: and %Mt* tsts&aa 
ot M&& 8®3to& **** omstes M&m •*• #**•* t» w i ib » it 
Is evldaat £ron 1fcc tal&a tbat in 1to# apooteaaa of bo«i In© si so-
troops amcda^tl&o oaaoontratiana of MA and ih\ in tha fetfc 
aiaolo uarft tl,9>lti«aa«Ly *&#*«* (F < 0.001) than iu «*• tfiita 
niaoclo, mid -that growth in the pra-aatuilty atag* m& aoecapanioiJ 
©y an increaoo in BBA *m& a dooroaae in WA caicentmtlan of the 
two tyv'oe of sued a 3. farea the a m i t o-wi be cnloulatod that 
tha tfA *atio© in Uia IX si*a»&K«ip to X aiaa»g*«ip wora gra&tar 
than 0.5, in oo'fi tfta mweUm of the two taieoataetn spaeiea* Sajk 
and tfsita swaclaat however* aftonaa aiffavonoaa in «iio mtio 
<1!&i&©26 ) • 
;itico omotsitmticai of MA in a tissue inmeataa tna Iwol 
of aotaMlle aetivlty (i»«4Llt» 1955) # 1ha hijier OH <£ 0*001) 
eancMntnition of SKA in doife stasia inpliaa $P«&t«r natabolic 
aativit^ in this tiaiwa. 3m& of tfee naxSLisr biociroioal ana 
physiological oaaarmtlaaa (Bja*isaaf 1956f 1959* :teflfi £ $ & • • 
1956! Taaoai^ a aa«S *ianiif 19601 Bayata* 1961) have aloo revealed 
1&at in ©oat*aat to tfclt* tauael@# Oaioa i® largely ooaoomoa 
with noehaniasil ftmeticua# daj& snaola perfoxaa a groat variety 
of statatsoilc ftwationa* rae«iaia ? 1a« liver in aany reboot a. 
~ ft9 • 
*&• s*oat«r d 0*001) oano<*itratiau of 3IA in <3axk 
auscle in oaapariwm to that In \felte§ i s p«stmps &10 to ft 
larger zMmfam? of calls contained p*ar unit wal^it of thle ttsouo. 
I t hae ©o<sa *«$>ort©& 1&si the coll a of O&xk auoole are sraaller 
than 1hos* of watte (Itaarston and liaoktaater, I960} i>ooxse, 1962! 
L3uttkua» 1963. ti'i^X'mra, 1967) axid, ^loroforg, a unit ««l^t 
of flaxfc raiscle contains a grtat*r nuabor of cell a, 1toan on 
oqual w«tftit of i^dte -aigclo* Hmt tha omcontratiQti of If A i s 
V&atod to tha iiutabor of call a proemt in a &1VCKI vaigfct of 
tit»$xo saapXs i s ostssislToly reviewed by Loalie (1955). 
nine** Inoroaaa in food intake alevatoa Hi® B!?A eoneoat»a» 
tiua of tl,;aaoo (Bmohot, 1$55i Loalio, 1955* Btilo%r9 1970), taa 
sloe ia 1&© Ttiluoa Of HfA la oota H*o auk as woll aa tn@ uhlto 
nusolo &tx$ng $r©w1ft aay portiapo o® ralatod to the t&otey f&otor. 
Ihat there occurs inoroaoo in food canaaaptlan Curiii j g*ew*h in 
oarly l i f e to aott 1b* rising lastRbolic requireaaitej of fish io 
iiidioated oy tho wo* of Lor» (1910) • f&o incranoe in tfeo 
oonoentmtion of MA* ma orgoalsor of yrotstn ssnthegla (Bu£ov9 
1970)* oaogi® to be uooooolty for an active ajKHfoadLa of prototn 
izi the growing tlsa*#e of tha body &u?tng ifco pro-aa-tirlty stag«t 
Waich i s 3Wga*d«& as «*© period of oost active &rowt» of Hio fitfx. 
Inaof&r ao growth in oo&^loaifth of Hsfe proceeds tJirou i^ 
iiiorecao in t»o si sea of maeXo cells rata or thm; thed* mnoox, 
i t ooii o# erpootad tJiot TtiA ooiiO*itititic3i should ro&ioe to laalf 
ouoe ijiG fish dcwbloa it® body lgn t^i&t t>t»osuae thia results in 
• tso •» 
syalvtji i ths immbme of ceil a ©on-teiaod in the gtvan wai#t of 
-fee taisjola (Love, 1910) • H«waf«r» in the pareaaat 8H*ay «*« T>HA 
omoatnittGas waw> aot ebsefvtd to to© halv®&. iSiia i s evl defied 
troa tb« tewt Hmt itaa the mtio of 3WA i» the rjujjcle of larger 
dlE0-;^ rau? (II) to tint in saaller $lzo><iroup (1) van cfilcul&ted» 
It was f«sa& to be ^r^tar Hum 0.5 in each on@$* 5vldejitly» 
soao apilfttasi® of TWA mm&® in aaoaflL* ©aula toiii-; growth* Ifcoa 
ilia iznreatlflBitlona of 'im® < 1958) I t ag?«a*« as If ttii# TilA 
fiU&tfeestti in a oi ls i s aao«Mxy to 'eantvol* ®%@ iiiOxaasUui oyto-
pl&sui© voXmo in 5^"Oid-ag o«lla* 
•Sh* difi'areKaoa la r.HA rati00 of Hie a&ife mid %fc&t« maelas 
of 'tho flab d « j t , y rovaal that th# e d i t in tiio two m&s&m 
cUffar not only in th«ly grovel n t « list Rlao in a3sr@13at.slng the 
assounts of -IIA* 
Atttnpt m& m4« to l«v«rti pte tho ocuc^itratlona of 
M.\ fUlcl l -A i B t h e a&3& €Uld WiitC 2E19ClO»» tOgO"KlOT u l t h th« 
tuira«wr«r of 1fe®ae emetitaaats during growth i s «*© patenaatttiity 
phae®* iii LabQO ocaiaajai and ;. utitfoo j y m * ®w &**& laiael© of 
both th« spooled eontKin«4 «l#ii^Qa»tly &i#i®r (r < 0*001) 
eouooatmtioiui of H'lA find CWA 1&an tka uhito* to iuoroaso in the 
oaaocBitTBtioji of ill;A miu a decree 33 in that of U»A aooaod -to ooeur 
in &oth the nisela* Aiuing fjrowth ^ tha pr#*jmt»rity ;>haa«* Bio 
• 121 • 
appajRat decline in Ji?A eonoentmtioii p«r unit vei$it of <3a«k 
end whit* rauoolo As ring growth, appeared to bo oooptfitxitod, to 
3CQQ tstoatt b? Hie *yathftflt» of nor© ISA in oaila, paoataftKLy 
to 'ocsstsol* 1£« growing cytotaa.*j3i0 vclurao, fraHa of •&*© daifc 
and vhit* aiacles $if£«?r®a not atsl^ in *i«lr gsotrtfe ratoa b»t 
also in a R4* qyaltart* 
acs&iOGRXpnx 
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D©JPet8# A« 19$ 1 
-tocopherol In eome Atlantic £im 
m& Jiell fish with particjular reference 
to livtj-iioldin ; without food* &* jXaU. 
i i t i * i^* JSaa* ^|* 357-373* 
A eorapariaon of the groee ehanioal 
eompoettioa of HXQ red and uhlte 
aisolee in the two fic&est aaa*ftgh»me 
IlaiidLini e£feet upoa Mooheftieel change 
la the flat* taueole imediataly after 
catoh-1, Differences of slyoolygia In 
the frigate aaofcerel ki l led by varioaa 
method** Ball» Jma« aaa» f^iiflQLi. JELah. 
Analytical aethods Goaaittee* Heport 
prepared by the dab preduete «ib» 
eeasattiee* Hltregsn fbctor for cod 
&*<&* Analvflt, J^oj^ * gjf 540-542. 
"Official ulethode of Analyst a of 1to* 
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n»€ u o o l e tlaatia of adult stealhoad 
trout si,tor atsrcyaioua swlmiiij. 
J&i** £&£• s^£i» *Xs&* J3&&£* J&&* J&: 
1986 ...itid end yi i to -aijolQ, gftUAflSU Ji£» 
1973 ^yovtn in Hi© Australian "talnon" 
4 ^ 4 * tarutta (JJloa!i and r&h&atdar)* 
SrUvif iU<T. 1972 
rttalf &•«?. n»4 1974 
Owa 2®s In th« pjpoad^ate oo4^ 
•dtloa of Imtm cioulh to00 (^iorQatorua 
F 315*01% 
"•io«pi(?T t^lO£j a»J ZCOYQI of lasga-
la JMlotlaa to body w&jfet and toapa» 
jmm*@* O^u J. ^£21. 5 * 447-456. 
?!ik«&*y» 0,7. 1Q65 
*?*•£** 1 oiidoa mid K«w XoA* 
ritual a© on *»• ftaa- ativcture of 
*#& and wilto fin ssiaola* of the 
iilgS&9U i2£» j ^ 425-447. 
m | 3 g m 
rteraeeat <?*«?•§ 1074 
Bleh&r6aQa# « . , 
* f A « 5 o? m\$ . J» 19-7 
coastal w t«8# JjS&S> J&ltf* .*!£&• 
J20» J128 #**W* £ — < -
"Oblaa* • • one 1074 -fioot of s&ueiitc oa gLyocOytie 
•5jt 47>476# ^ ^ ^ ^ 
f ;prt&t *• oafi 
£•114/• <?• G»C. 
1063 ", Jdutoai<£&ee& etmLr ©* :%r6iolj1lo 
«tor«d at mart QUI 9 traoeainaroQ* 
1962 ~,ipaaa axu! {ibcq^iollpaao activity 
mtoUoafltoip to sprotaAn OamtoXQtlca* 
1* *i&* .'J 4^&» Jl* 5<*V5*u 
t ) /? As ia t i c aUt'&aa «* tba jLyoolyslo 
of 51 ah S3@d9» I , . o t lv i t j of pfcoa* 
p^o»|s&«* £. £ & & $$& ^ ^ £|t 
TI«P47# 
Fajfcert U-»* and 9M> 15 ouioj^t 0+ powtb la i^cU«ia« 
*»&i*to&£u« **( n 
t 
.'oJlitmtl-aci to tio Jn gf,la t>*KWlatir 
« i .rj»© 3i3^la aw/"^«a tiartu^it Glxus^  
.Jk*&< ~U&L±X* J ; 1^»131» 
~* 'j , > *» 
Phi l l i p s , k»ht 
P««eo# '3»U» 
lietaa, Zi. and 
196$ ifffccrt; ©f atarvntlaa. ©ad fot&iig 
an tiia M.och<rdCCTl ooopoiitiail of 
r
^%« iMb»a»,3ol#»A ,^ 2fr. Biol. 
Qftotat Wi* aafi 1966 
mm.
 9 ww t969 
^ o arowiti or erotfiwater aumsl , 
s i l l &**aftfe l a 1 
P^ft^lB1^'' t 2t 
3l00h* 
•316» 
Jffoot of naeoxMo acid on alknlln<* 
?Hc!iayd©t C* v« 1°t9 ftaot sppoirtfe and dltftMLbuttoa of tiio 
black tens ClJQagp%§ fiBfltJ) i » vlrglna. 
am* itta* &&» J S T H * sawwo. 
Ami
 9 I . . BO' 
I&$tsaaf f9 
1959 
m» wilo; |p ,U»t t« fe> Jfolaw il«j» K«« *«*# 
ampswa ana ;!all» 
£1n£los en tha o r ^ i l c phoqpltttM 
la swaele of aoiiatlc aai-aale * VII. 
Chanoto In purlao ^aialaotides of rod 
l a t e ra l nwoola of fit ah. Jtoil» &&• 
se&u&d&t y#v# 
riaeondat* II, 
1964 Jta&oo on tm&QHG of ajuatlc antral a 
"mp2ix# Sr«Bt?jBi> aad craatLsdao 
eentanto in Sltfi sMijola #3ftmaMv©s, 
1959 «t«KPjtiiatltm ot iiucl^lo fields in 
TOl, 3 < iW• Coloniok ®»3 *J»C. 
Laplan odi0# 4oad«ila Pyasot Bow ioaSc. 
1950 Tafia #ao«3 £0 I ' o s o s d c e saisealaire 
mir I s ©spielt® pour ! • ©«/#»« *« 
mig &« 1» onryo ( C.ift«ii)tto |ft|B4a **•) 
coa. |||f|4» Ae^^. ..;gi, f gfflf^ o)' gyt 
176T-1T" 
** %yt» 
oi6b«rt# a« 1^53 Aktlvitat o*v«Uo 
In flaohorw, 
ivoiaa apalt scalar a 
te«S«li* it* ®s. 
ms&m* 
ciuailt, A* and 
Bounty 1, 
•3no4oo©*t <*•'«* 1059 
irUimtalaa, .;#v#t 1967 
anf! BR Attic ritfin*at 
3fc«ra«#i J»Ct» 
sad :ilact;» ;.e. 
f»XT§ i!#i*#A# 
*hkvr§ H«L»JU 
ltettp§ ^ ^u^nm 
19?4 
1^ 66 
and uoaorot 0.f\ 




Stodioft on intestinal aHmlino phoo» 
p-mtaao «dHi veforoeioo to pyrtSojcal 
Hits© «i and pSioaphoiuo balfuice of 
f#4 QoddGt ^axift 4«iflBu JfcBBgkfr 
*ho of foot of in-Uralttotit ©xsrolae 
as oaafeghydsmtt motaooli&a in rainbow 
tPWtf laiaft
 tmlrdadrl> J , j&2&* &&. 
AoadoMo F«9oot low lotfe* 
ilsfo ouacla rl bo si da hydrolaooa. 
MMlM* £» |S* 396-391. 
Sfeaeld pustno riboaido ivioapnorylaso. 
#ho^horalftM» Omi* J» '.Aoohaau 
Jollied eoueltiOA i«i tho Aaoriosm 
1966 tho totiltitloA of cocyaoa tie/ oo^Xlitim. 
SBLSSHm* i » tf 94*99. 
*» 11S3 •» 
Thur3taa# C. ;, W2 
1!ittrat©nf c»-i# and I960 Hag laotor, ?.?» 
n i i k # su i . 1932 
Tauehim t X# and 1CJ 
Txinkanst £•?• and 19% 
Ursin» 1967 
V«3igopal«at V«£» 1967 





wa»t» .•:;. and 1961 
Iftyaieal «bftXMt«ri atioa sad ohciloal 
©Kapositi«ra of two aab»8?aeioa of lake 
trout, J , ,a,afo. g$&* £&• Can* Jgi 
variations* in oaataloal compositiQn of 
different par ts of ha l l t u t flaalw 
• iiaa- j»* 229-236* 
C&aa ,33 in tha citeoioal composition of 
the flash ©f tha v l r aaliaon 1A relation 
to apAvnin^ siaration* lav. VSQA. Inat, 
..tuxiios on tha influence of traataanta 
tsaediatelar af ter ©atoning apan the 
quality of Si&ti £Lee*i. - f# 3®terralno-
Hon of l ac t i c aold In tlan. naaole» 
Ssoganoae control of aorphoganeeia i s 
1 isolated Jtan&atta t&aatodexaa ay 
mstrlsnt oh s ileal factor a* £« j j a* 
j*2©X* Jjjg* 51V342« 
\ aatheaatteol modal of soma aaoeota 
of fiali gprovt^t reapix&tloia and ssorta* 
l i t y . 1* liafr* J&i* 2tt» eaa. M; 
2355*3*53« 
if fact of tirovUi horaone InJeetlon on 
the level of nucleic aelda in the l iver 
A soasitiv.g method for the datoraina*-
tlen of dooxyrloo nucleic acid In 
t issues and oicroor^anlana. £• Jl2iL» 
Liver and saiacla i#.yoogan and alood 
lac ta te in hatchery reared ,'ftoe, 
j/QAf L« follcisia ; ©xetelee in win tar 
and mvnisTt, "fat* |&i$* -feeahiaifr ^gfi. 
Text -^ ook of aioonanlatvy* 3rd 3db* 
ttfeo i.lillan Co* Haw *ogk* 




1973 Age det*ralaa+lon tmd growth of 
Paciric Ccaon p«soh ( •abet at a a Rlutua) 
la the aorlfe Coast i aoiHcOceaii. 
196? ..rtarvatloii of in a harrln;, jjLEkMi. 
Hftwa*ff L, : iirvival and eoa* grooe 
Moo^^oal ahaa&e** Com;. Jloohaa. 
gh.yalol> g^j8 503"$1Q» 
1960 "Sta&e* ©JI Hie p&yelGlo®" of H*« 
atrifttua anaole of teleoet«att8% 
^99«rtft^tcot ..fey iear^e of o&ndJdaH 
mmvmmm. 
wl t tenber ?er# C, 
una Hacluc, I.V, 
sad Croa» I . 
wo.ftovio*, 4«B, 
Woa^ >HU 
wouxae* J*F* and 
&vtt&ie $• 









effort :a«tftboli^i of lateral auaclea 
la oaffp* jU fli ah. ^arj. ML Caa. 22* 
139?*1406# ^ ^ ** 
:i©33aroh e» 1fce physiology of teleovt 
©tripod ouocle. v. Coutrtbutiona to 
Hie study of lateral m o d e s in 
several oasliio tl«f>* jj&|dL& lasa» 
& & • J*' 333-341* 
Coanamtlva study of naoole eattieptio 
activity of gome fmrlno *?eci«e# 
tho uoe of pergalj.*fta*# in the oatiaa-
X±mi of aitrogan by folia* © direct 
u<acaealarisati«a »et*}Od« J. Mol« jjfetfa* 
^ 43V43% 
Ibe aabrycnio devaloptiant of the tOfioK 
prlokleoack* ^ ^ a t e a p Qja&JAXmiWJh 
a pact ft© ccaot tiLvttdoid Itife*.£«*• 
I» ££&• ££* S^-8S7# 
file aoid ~ aoluS&e collagen of eod 
5 7 3 » 3 a i T ^ 
itudlea o» tbe phospholipids of 
amiatto astasias* J£g|* Jg£# iSUtl* 
s r r a fA"z l ti^Mtfato «ftta%a 
h^mmi OF 
•M1VSXL litis <rara) 
C4 «N 
n r FISH ( » ) r i & 
n £ 
ri r=- H C 
r sg fcl' 
p3 64 «E g ^ 
a , , ,, w »r g^ 
120 . 7,60 7,52 0.037 0.0060 1.1037 
tTO -11,20 10,96 0.088 0.0368 1.7974 
220 -14.00 14.66 0.037 0.0060 0.5653 
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